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Piąty przyczynek statystyczny do geografii florystycznej. 


Cinquième contribution statistique à la géographie flo- 
ristique. 


Mémoire 
de M. 2. SZYMKIEWICZ m. c. 


présenté le 14 janvier 1946. 


Je vais essayer d’établir les principes sur lesquels doit étre 
fondéee Ja délimitation des domaines floristiques. 

D’abord, comme j’ai déja fait remarquer dans la premiere 
partie de mes »Contributions a la géographie des plantes« (Kos- 
mos. Serie A. 1933), tous les éléments écologiques (climat, sol, 
formes de la végétation) doivent étre éliminés. Seule la consti- 
tution systématique des flores doit être prise en considération. 

Ensuite, il faut se baser exclusivement sur les Angiospermes. 
En effet, ce sont des végétaux dominants à l’époque géologique 
actuelle, et ils sont en plein développement ce qui les distingue 
nettement des autres plantes, des Gymnospermes et des Ptérido- 
phytes en particulier. 

Tout en limitant la base du problème aux Angiospermes, il 
faut les prendre toutes en considération, sans faire le choix des 
exemples »typiques«, comme on le fait souvent. Ceci ne veut 
nullement dire que l'importance de leurs diverses formes soit 
égale. Naturellement, les formes cosmopolites doivent être élimi- 
nées et une attention spéciale doit être accordée aux formes 
endémiques. Par suite du grand nombre de formes dont il faut 
tenir compte, il faut avoir recours aux méthodes statistiques. 

Vient enfin la question importante, la nature des éléments 
floristiques qu'il faut prendre pour les calculs statistiques. Le 
plus naturel serait de se baser sur les espèces, comme unités les 
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plus concrétes. Malheureusement, ceci est impossible, car les 
espèces ont pour la plupart des aires de distribution très limitées 
et ne peuvent servir qu'à l'étude des petits terrains. Par suite, 
comme j'ai déjà proposé dans la deuxième partie de mes »Con- 
tributions« citées plus haut, il faut se baser sur les genres. Ils 
ont d’abord des aires plus vastes. Ensuite, ils représentent mieux 
que ne le font les espèces le processus de l’évolution, étant des 
éléments floristiques plus anciens que les espèces. 

L'utilisation des genres, dans le probléme qui nous occupe 
ici, peut être effectuée de différentes manières. Comme je l'ai 
proposé dans la seconde partie de mes »Contributions« citées, le 
plus conforme à l’esprit de la méthode serait de caractériser les 
domaines floraux au moyen des genres endémiques et de ceux 
qui ont dans les domaines considérés leurs centres de distribu- 
tion. Malheureusement, cette voie est très difficile. En effet, pour 
établir le centre de distribution pour un genre, il faut connaître 
les aires de toutes ses espèces, ce qui est souvent pratiquement 
impossible. Ce qui est encore pis, c'est qu'il faut en outre con- 
naître les rapports d’affinité entre les espèces. Cette dernière 
difficulté a été discutée dans la quatrième partie de mes »Con- 
tributions« (voyez aussi mon article à ce sujet dans »Chronica 
botanica« 1939). 

Il suffit de rappeler ici les principaux points. Pour établir 
la position du centre d’un genre, il ne suffit pas toujours de 
trouver le terrain ayant le plus d’especes, car les espéces ne sont 
pas toujours équivalentes. Le plus souvent les rapports d’affinité 
entre elles varient plus ou moins fortement, ce qui trouve son 
expression dans l'établissement des groupes à l’intérieur du gen- 
re: des sous-genres, sections, séries etc. Ainsi on se trouve en 
contradiction avec ce principe fondamental de la statistique, que 
les objets comptés doivent étre équivalents. De cette maniére on 
arrive à la conclusion que le centre d'un genre doit présenter 
plutót la plus grande amplitude des variations que leur plus 
grand nombre. Ceci complique singuliérement la méthode, en 
exigeant l'étude des affinités entre les espèces du genre, ce qui 
est impossible sans une monographie et les monographies ne sont 
pas fréquentes dans la littérature scientifique. 

Les considérations exposées plus haut démontrent clairement 
la nécessité d'une méthode qui permettrait de délimiter les do- 
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maines floraux au moyen des genres, sans connaître leurs centres 
de distribution. Je vais maintenant essayer d'établir les principes 
de cette méthode. 

Il est trés naturel de comparer les flores, en déterminant le 
nombre de genres communs. On se base sur ce nombre pour 
établir le degré d'affinité entre elles, ce qui permet de les grou- 
per en domaines floraux. Pour cela, il faut d'abord éliminer les 
genres cosmopolites et ensuite calculer comme l'indice d'affi- 
nité entre les flores, le rapport du nombre de genres communs 
à un autre nombre convenablement choisi. 

Pour ce qui est des genres cosmopolites, je considére comme 
tels les genres qui sont présents dans les quatre continents: 
Eurasie, Afrique, Amérique et Australie. Je prends les continents 
sans iles et en ce qui concerne l'Eurasie sans la presqu'ile de 
Malacca qui a le caractére d'une ile. Je fais une exception à cette 
régle pour l'Australie en y joignant la Tasmanie, vu ses rapports 
trés étroits avec le continent. J'ai établi de cette maniére la liste 
.sulvante des genres cosmopolites au nombre de 403: 

Typhaceae : Typha. 

Sparganiaceae : Sparganium. 

Potamogetonaceae: Cymodocea, Potamogeton, Ruppia, Aastera, 

Najadaceae : Najas. 

Scheuchzeriaceae: Triglochin. 

Alismataceae: Alisma. 

Hydrocharitaceae : Ottelia, Vallisneria. 

Gramineae: Agropyrum, Agrostis, Alopecurus, Andropogon, 
Aristida, Arundinaria, Arundinella, Arundo, Atropis, Bambusa, 
Bromus, Calamagrostis, Cenchrus, Chloris, Cynodon, Dactylocte- 
nium, Danthonia, Deschampsia, Diplachne, Eleusine, Elionurus, 
Eragrostis, Erianthus, Eriochloa, Festuca, Glyceria, Hierochloa, ` 
Imperata, Isachne, Ischaemum, Koeleria, Leersia, Leptochloa, 
Manisuris, Microchloa, Oplismenus, Oryza, Panicum, Pappophorum, 
Paspalum, Pennisetum, Phragmites, Poa, Polypogon, Bottboellia, 
‚Setaria, Sporobolus, Stenotaphrum, Stipa, Tragus, Triodia, Trisetum. 

Cyperaceae: Carex, Cladium, Cyperus, Fimbristylis, Fuirena, 
Heleocharis, Hypolytrum, Kyllingia, Lipocarpha, Mapania, Remi- 
rea, Rhynchospora, Schoenus, Scleria, Seirpus. 

Lemnaceae: Spirodela, Lemna, Wolffia. 

Xyridaceae: Xyris. 

1* 
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Eriocaulaceae : Eriocaulon. 

Commelinaceae: Aneilema, Commelina, Floscopa. 

Juncaceae: Juncus, Luzula. 

Liliaceae: Chlorophytum, Smilax. 

Amaryllidaceae: Crinum, Curculigo, Hypoxis. 

Taccaceae: Tacca. 

Dioscoreaceae: Dioscorea. 

Zingiberaceae: Costus. l 

Orchidaceae: Bulbophyllum, Calanthe, Corymbis, Cymbidium, 
Eulophia, Habenaria, Liparis, Spiranthes. 

Piperaceae: Poperomia, Piper. 

Ulmaceae: Celtis, Trema. 

Moraceae: Ficus. 

Urticaceae: Boehmeria, Fleurya, Laportea, Parietaria, Pilea, 
Urtica. 

Olacaceae: Ximenia. 

Santalaceae: Thesium. 

Aristolochiaceae: Aristolochia. 

Polygonaceae: Polygonum, Rumex. 

Chenopodiaceae: Atriplex, Chenopodium, Kochia, Salicornia, 
Salsola, Suaeda. 

Amarantaceae: Achyranthes, Alternanthera, Amarantus, Cya- 
thula. 

Nyctaginaceae: Boerhaavia, Pisonia. 

Aizoaceae: Glinus, Mesembrianthemum, Mollugo, Sesuvium, 
Trianthema. 

Portulacaceae : Montia, Portulaca. 

Caryophyllaceae: Drymaria, Polycarpon, Sagina, Spergularia, 
Stellaria. 

Nymphaeceae: Brasenia, Nymphaea. 

Ceratophyllaceae : Ceratophyllum. 

Anonaceae. Uvaria, 

Myristicaceae : Myristica. 

Ranunculaceae: Anemone, Clematis, Myosurus, Ranunculus. 

Menispermaceae: Cissampelos, Cocculus. 

Lauraceae: Beilschmiedia, Cassytha, Cryptocarya. 

Hernandiaceae : Gyrocarpus, Hernandia. 

Papaveraceae: Papaver. 

Capparidaceae : Capparis, Cleome, Gynandropsis (Pedicellaria). 
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Cruciferae: Barbaraea, Cakile, Cardamine, Coronopus (Sene- 
biera) Hymenolobus, Lepidium, Nasturtium, Turritis. * 

Droseraceae : Drosera. 

Crassulaceae : Crassula. 

Connaraceae: Rourea. , 

Rosaceae: Alchemilla, Geum, Parinarium, Potentilla, Rubus. 

Mimosaceae : Acacia, Entada, Neptunia, Pithecolobium. 

Caesalpiniaceae: Bauhinia, Caesalpinia, Cassia, Cynometra, 
Peltophorum, Tamarindus. 

Papilionaceae: Abrus, Aeschynomene, Canavalia, Clitoria, Cro- 
talaria, Dalbergia, Derris, Desmodium, Dolichos, Eriosema, Eryth- 
rina, Galactia, Glycine, Indigofera, Mucuna, Phaseolus, Psoralea, 
Rhynchosia, Sesbania, Sophora, Tephrosia, Vigna, Zornia. 

Oxalidaceae : Oxalis. 

Geraniaceae : Geranium. 

Linaceae : Linum. 

Erythroxylaceae: Erythroxylon. 

Zygophyllaceae: Tribulus. 

Rutaceae: Fagara. 

Simarubaceae : Suriana. 

Polygalaceae : Polygala. 

Euphorbiaceae : Acalypha, Alchornea, Andrachne, Croton, Dry- 
petes, Euphorbia, Jatropha, Phyllanthus, Sebastiania, Securinega, 
Tragia. 

Callitrichaceae : Callitriche. 

Anacardiaceae : Rhus. 

Aquifoliaceae: Ilex. 

Celastraceae : Elaeodendron, Gymnosporia. 

Hippocrateaceae: Hippocratea, Salacia. 

Sapindaceae: Cardiospermum, Allophylus, Sapindus, Dodonaea. 

Rhamnaceae : Colubrina, Gouania, Zizyphus. 

Ampelidaceae: Ampelocissus, Cissus. 

Elaeocarpaceae : Sloanea. 

Tiliaceae: Chorchorus, Triumfetta. 

Malvaceae: Abutilon, Gossypium, Hibiscus, Malvastrum, Pavo- 
nia, Sida, Urena. 

Bombacaceae : Bombax. 

Sterculiaceae: Hermannia, Melochia, Sterculia, Waltheria. 

Dilleniaceae : Tetracera. 


6 ^ D. Seymkiewicz: 


“Guttiferae: Calophyllum, Hypericum. 
Elatihaceae : Bergia, Elatine. 
Frankeniaceae: Frankenia. 
Cochlospermaceae : Cochlospermum. 
Violaceae: Hybanthus, Viola. 
Flacourtiaceae: Casearia, Homalium. 
Lythraceae: Ammannia, Lythrum, Nesaea, Rotala. 
Rhizophoraceae: Rhizophora. 
Combretaceae : Terminalia. 
Myrtaceae: Eugenia, Myrtus. 
Onagraceae: Epilobium, Jussieua, Ludwigia. 
Halorrhagidaceae : Myriophyllum. 
Araliaceae : Schefflera. 
Umbelliferae: Apium, Centella, Daucus, Eryngium, Hydrocotyle, 
Oenanthe, Sium. 
Myrsinaceae: Rapanea. 
Primulaceae : Anagallis, Centunculus, Lysimachia, Samolus. 
Plumbaginaceae: Plumbago, Statice. 
Sapotaceae : Chrysophyllum, Mimusops, Sideroxylon. 
Ebenaceae: Diospyros, Maba. 
Oleaceae: Jasminum, Mayepea (Linociera). 
Loganiaceae: Strychnos. i 
Gentianaceae: Erythraea, Gentiana, Limnanthemum. 
Apocynaceae : Tabernaemontana. 
Asclepiadaceae: Cynanchum, Marsdenia. 
Convolvulaceae: Breweria, Calystegia, Convolvulus, Cressa, 
Cuscuta, Dichondra, Evolvulus, Ipomoea. 
Hydrophyllaceae: Hydrolea. 
Borragaceae: Coldenia, Cordia, Cynoglossum, Echinospermum, 
Ehretia, Heliotropium, Myosotis, Tournefortia. 
Verbenaceae: Avicennia, Clerodendron, Lippia, Verbena, Vitex. 
Labiatae: Brunella, Mentha, Ocimum, Salvia, Scutellaria, 
Teucrium. 
Solanaceae: Datura, Lycium, Physalis, Solanum. 
Scrophulariaceae: Bacopa, Buechnera, Gratiola, Ilysanthes, 
Limosella, Lindernia, Mimulus, Scoparia, Stemodia, Veronica. 
Lentibulariaceae: Utricularia. 
Orobanchaceae : Orobanche. 
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Acanthaceae : Dicliptera, Hygrophila, Justicia, Ruellia. 

Plantaginaceae: Plantago. 

Rubiaceae: Borreria, Galium, Geophila, Guettarda, Ixora, Mo- 
rinda, Oldenlandia, Ourouparia, Psychotria, Randia. 

Caprifoliaceae : Sambucus. 

Cucurbitaceae: Cucumis, Luffa, Melothria. 

Campanulaceae: Lobelia, Sphenoclea, Wahlenbergia. 

Goodeniaceae: Scaevola. 

Compositae: Adenostemma, Ageratum, Blainvillea, Bidens, 
Centaurea, Conyza, Cotula, Crepis, Eclipta, Elephanthopus, En- 
hydra, Epaltes, Erigeron, Eupatorium, Gnaphalium, Pluchea, Se- 
necio, Siegesbeckia, Spilanthes, Vernonia, Wedelia. 

On voit que le nombre de genres cosmopolites est petit par 
rapport à leur nombre total qui est de 10 mille environ. Cepen- 
dant, l’elimination de ces genres des flores particulières, qui 
comptent rarement plus de mille genres, produit des effets 
appréciables. L’application de ce procédé aux flores des iles océ- 
aniques qui sont pauvres conduit méme aux résultats frappants. 
Par exemple, les iles Hawaii et Galapagos ont 65 genres com- 
muns dont 4 seulement ne sont pas cosmopolites. © kos, si et 
Tahiti en ont 59, tous cosmopolites. 

Il faut maintenant fixer le mode de calcul pour l'indice 
d’affinité des flores, basé sur le nombre de genres communs non 
cosmopolites. Le plus naturel serait de le rapporter a la moyenne 
des nombres de genres dans les deux flores considérées. Cepen- 
dant il est plus utile de prendre le rapport au nom- 
bre de genres de la flore plus pauvre, et ceci pour les 
raisons suivantes. 

Dans les cas oü la richesse des flores considérées differe peu, 
l'indice d'affinité calculé par le second procédé se rapproche de 
celui obtenu par le premier. Mais on compare souvent les flores 
d'inégale richesse. Dans ces cas, évidemment, les deux procédés 
fournissent des résultats sensiblement différents. Or, lorsqu’une 
flore pauvre est située prés de la flore riche, elle constitue géné- 
ralement le résultat de l'invasion de la flore riche dans les ter- 
rains limitrophes. Naturellement, une partie seulement des élé- 
ments de cette flore s’étend dans ces terrains, en formant une 
flore plus pauvre, mélangée d’ailleurs d’éléments d’autre prove- 
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nance. Tel est le cas, par exemple, de linvasion de la flore mé- 
. diterranéenne dans les terrains de l'Europe centrale et septen- 
trionale, dévastés par les glaciers quaternaires. 

Il se forment ainsi des flores, qu’on peut appeler secon- 
daires, centre-européennes, subarctiques, arctiques dans l'exemple 
cité. On peut appeler principales les flores dont elles pro- 
viennent. Ce caractére sera propre aux flores de l’Espagne, de 
la Grèce etc. Dans les cas pareils, il est utile de rapporter le 
nombre de genres communs au celui de la flore plus pauvre, 
car l'indice d'affinité calculé de cette manière donnera directement 
la proportion des genres provenant de la flore principale aux 
genres d’autre provenance. 

L’invasion des éléments de deux flores contigués peut étre 
d'ailleurs réciproque. Ainsi lorsqu'on compare la flore d'Egypte 
à celle du Soudan, on constate que tous les genres des Ascle- 
piadacées de l'Egypte au nombre de 10 sont représentés au Sou. 
dan qui en a en outre 17. Inversement pour les Cruciféres: les 
12 genres du Soudan se trouvent en Egypte, mais ici il y en 
a encore 26. 

Quand on a affaire aux flores principales, on les groupe faci- 
lement en domaines floraux, en les comparant deux a deux, 
suivant que l'indice. d'affinité est supérieur ou inférieur à (5. 
Dans le premier cas, on peut ranger les deux flores dans le 
méme domaine floral, dans le second — on les attribuera à deux 
différents domaines. Par exemple, le Turkestan qui a 625 genres 
non cosmopolites et l'Espagne mediterranéenne qui en a 640 ont 
310 genres communs, ce qui donne lindiee d’affinité de 0:59. 
Ces deux flores appartiennent donc au méme domaine — Médi- 
terranéen. Au contraire, la Chine centrale (660 genres) qui a avec 
le Turkestan 239 genres communs et l'indice d'affinité de 0:38, 
appartient à un autre domaine floral — Oriasiatique. 

Pour ce qui est des flores secondaires, l'indice d'affinité entre 
elles et les flores principales dont elles proviennent sera toujours 
supérieur à 0'5. Naturellement, on rangera les flores secondaires 
dans les mémes domaines floraux que les flores principales cor- 
respondantes. Ainsi la Pologne (420 genres) et la Gréce (610 
genres) ont 318 genres communs et l'indice d'affinité de 0-76. 
On peut considérer, par conséquent, la flore de Pologne comme 
appartenant au domaine Méditerranéen. 
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Potamogetonaceae 


Potamogeton 90 
Ruppia 4 


Pandanaceae 


Freycinettia 70 
Pandanus 150 


Najadaceae 
Najas 35 


Gramineae 


Agrostis 125 
Ammophila 4 
Andropogon 180 
Anthephora 10 
Aristida 160 
Arundinella 45 
Bambusa 70 
Bouteloua 40 
Bromus 70 
Calamagrostis 200 
Cenchrus 15 
Centotheca 3 
Chloris 40 
Chusquea 35 
Coix 6 

Cynodon 4 
Dactyloctenium 5 
Danthonia 150 
Deschampsia 20 
Eleusine 10 
Eragrostis 150 
Erianthus 3 
Eriochloa 5 
Festuca 100 
Garnotia 12 
Isachne 30 
Koeleria 25 
Leptochloa 15 
Lepturus 4 
Oplismenus 5 
Panicum 400 
Paspalum 200 
Pennisetum 50 
Piptochaetium 10 
Poa 150 
Podophorus 1 
Pollinia 40 
Polypogon 10 
Saccharum 12 
Schizostachyum 10 
Setaria 30 
Spodiopogon 8 
Sporobolus 90 
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Stipa 120 
Thuarea 1 
Trisetum 55 


Cyperaceae 


Carex 900 
Cladium 30 
Cyperus 400 
Dichromena 12 
Fimbristylis 225 
Gahnia 35 
Heleocharis 90 
Hemicarpha 3 
Hypolythrum 30 
Kyllingia 50 
Oreobolus 3 
Rhynchospora 175 
Scirpus 200 
Scleria 100 
Uneinia 30 


Palmae 


Cocos 60 ' 
Juania 1 
Pritchardia 17 
Ptychosperma 15 


Araceae 
Amorphophallus 90 
Collocasia 8 
Lemnaceae 

Lemna 6 


Bromeliaceae 


Greigia 5 
Ochagavia 1 
Tillandsia 250 


Juncaceae 


Juneus 225 
Luzula 65 


Flagellariaceae 


Joinvillea 4 
Liliaceae 
Astelia 15 
Cordyline 15 
Dianella 15 


Dracaena 40 
Smilax 210 
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Tridaceae 


Libertia 8 í 
Sisyrinchium 75 


Commelinaceae 
Commelina 115 


Dioscoreaceae 
Dioscorea 200 - 


Taccaceae 
Tacca 15 


Musac ae 
Musa 30 


Zingiberaceae 


Amomum 100 
Curcuma 35 
Zingiber 35 


Orchidaceae 


Anaectochilus 25 
Arundina 8 
Bulbophyllum 450 
Calanthe 120 
Cirrhopetalum 70 
Dendrobium 750 
Earina 6 
Epidendrum 400 
Eria 325 
Habenaria 400 
Hetaeria 20 — 
Jonopsis 90 
Liparis 100 
Microstylis 100 
Moerenhoutia 2 
Oberonia 100 
Pogonia 5 
Ponthieva 10 
Spathoglottis 15 
Taeniophyllum 20 


Piperaceae 
Peperomia 500 
Piper 700 
Casuarinaceae 
Casuarina 35 


Chloranthaceae 
Ascarina 6 
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Ulmaceae 


Celtis 40 
Parasponia 2 
Trema 30 


Moraceae 


Antiaris 6 
Ficus 800 
Malaisia 2 
Paratrophis 7 
Pseudomorus 1 


Santalaceae 


Exocarpus 15 
Santalum 10 


Loranthaceae 


Loranthus 350 
Phoradendron 125 
Phrygilanthus 20 
Viscum 20 


Urticaceae 


Boehmeria 60 
Cypholophus 10 
Elatostema 120 
Fleurya 8 
Laportea 40 
Lecanthus 1 
Maoutia 10 
Neraudia 2 
Parietaria 7 
Pellonia 15 
Pilea 140 
Pipturus 8 
Procris 5 
Touchardia 1 
Urera 22 
Urtica 30 


Polygonaceae 
Polygonum 275 
Rumex 100 
Olacaceae 
Ximenia 5 


Batidaceae 
Batis 1 


Balanophoraceae 
Balanophora 20 
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Basellaceae 
Boussingaultia 10 


Chenopodiaceae 


Chenopodium 60 
Salicornia 10 


Amarantaceae 


Alternanthera 70 


Achyranthes 15 
Aerua 12 
Amarantus 60 
Charpentiera 2 
Cyathula 10 
Froelichia 10 
Iresine 40 
Lithophila 4 
Nototrichium 3 
Philoxerus 10 
Pleuropetalum 2 


Nyctaginaceae 
Boerhaavia 40 
Cryptocarpus 2 
Pisonia 50 
Phytolaccaceae 
Phytolacca 26 


'Rivina 3 


Aizoaceae 


Mollugo 15 
Sesuvium 5 
Tetragonia 25 
Trianthema 13 


Portulacaceae 
Portulaca 20 
Talinum 15 
Caryophyllaceae 


Drymaria 40 
Paronychia 40 


. Schiedea !) 18 


Silene 320 
Spergularia 20 


Ranunculaceae 
Ranunculus 300 
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Menispermaceae 
e Cissampelos 25 — — 
e Cocenlus 15 4 (4) | — 
Stephania 33 — 1 
Lauraeeae 
c Cassytha 15 1 1 
e | Cryptocarya 60 10)! — 
Berberidaceae 


Berberis 190 aa Kr 


Hernandiaceae 
e Gyrocarpus 1 — 1 
e Hernandia 10 — |2(1) 

Anonaceae 

Anona 70 ET E 


Magnoliaceae e 
Drimys 20 Kong — 


Lactoridaceae 
+ Lactoris 1 — = 


Capparidaceae 


e Capparis 200 1 1 
e Cleome 70 1(1) | — 
Crataeva 10 — 1 

. € Gynandropsis 15 — 1 
Cruciferae 

e Cardamine 100 — 1 
c Coronopus 20 — — 
c Lepidium 100 3 (3) 1 
Droseraceae 

e Drosera 90 1 — 


Saxifragaceae 
* Broussaisia 2 2(2)| — 

Escallonia 60 eas R 

Pittosporaceae 

Pittosporum 70 10(10)) 1 


Rosaceae 


Acaena 120 1 (1) 
Fragaria 10 1 
Margyricarpus 3 — 
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Osteomeles 10 
Rubus 225 


Mimosaceae 


Acacia 550 
Leucaena 12 


. Mimosa 400 


Neptunia 10 
Prosopis 30 
Serianthes 5 


Caesalpiniaceae 


Caesalpinia 60 
Cassia 400 
Mezoneurum 12 
Parkinsonia 4 


Papilionaceae 


Abrus 6 
Astragalus 1600 
Canavalia 12 
Crotalaria 350 
Dalea 150 
Desmanthus 15 
Desmodium 170 
Dioclea 20 
Dolichos 60 
Erythrina 35 
Galactia 70 
Indigofera 350 
Inocarpus 3 
Mucuna 35 
Phaseolus 160 
Piscidia 1 
Rhynchosia 120 
Sesbania 24 
Sophora 25 


. Strongylodon 8 


Stylosanthes 25 
Thephrosia 140 
Uraria 12 
Vicia 150 
Vigna 50 
Zornia 12 
Geraniaceae 


Geranium 300 


Linaceae 
Linum 95 


Zygophyllaceae 


Kallstroemeria 10 


Tribulus 12 
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Oxalidaceae 
c Oxalis 300 — = 1 3 


Rutaceae 


Evodia 45 — |8(1) 
c Fagara 140 6 (6) | 1 (1) 
pz Pelea 22 20 (20) 

| Platydesma 4 4 (4) KĘ 
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Cunoniaceae 


Weinmannia 80 — | 2(2) — — |——m 


Burseraceae 


Bursera 45 — —. | 2e s —mu 


Simarubaceae 


Castela 12 gaj e — |100)| =] = me— 
c Suriana 1 es et 


Aquifoliaceae 
c Ilex 180 LO? 
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Euphorbiaceae 


c Acalypha 320 — 
‘| Actephila 10 — 
Aleurites 6 1 
Antidesma 90 2(2 
Baccaurea 60 = 
Bischoffia 1 — 
Claoxylon 60 1 (1) 
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c Croton 600 
Dysopsis 1 
c | Euphorbia 750 7 
Hippomane 1 
Homalanthus 20 2(1) | — 
Macaranga 180 2(1) | — 
e Phyllanthus 500 TG Fb 
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Empetraceae 


Empetrum 2 — — — 1 s — 


B 
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Anacadiaceae | | 

e Rhus 130 di. ud — — s f 
Spondias 6 = 1 — — B T 
Coriariaceae . 
Coriaria 10 — | |[2(4) | — == s fm — 


Polygalaceae 
c Polygala 475 — — |12(2)] = sf m u 
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Celastraceae 


Celastrus 50 
Maytenus 75 
Perrottetia 10 


Sapindaceae 
Allophylus 120 


Cardiospermum 15 


Dodonaea 56 
Matayba 36 
Sapindus 20 


Ampelidaceae 
Cissus 325 


Rhamnaceae 


Alphitonia 6 
Colletia 15 
Colubrina 20 
Gouania 45 
Seutia 5 
Zizyphus 40 


Elaeocarpaceae 
Elaeocarpus 90 


Malvaceae 


Abutilon 120 
Anoda 10 
Bastardia 6 
Gossypium 12 
Hibiscus 160 
Malachra 6 
Malvastrum 85 
Sida 70 
Thespesia 5 
Urena 3 


Tiliaceae 


Berrya 4 
Corchorus 49 
Grewia 150 
Triumfetta 75 


Sterculiaceae 
Buettneria 60 
Commersonia 10 
Kleinhovia 1 
Melochia 65 
Waltheria 30 


Flacowrtiaceae 


Azara 20 
Xylosma 45 
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Guttiferae 
Calophyllum 80 
Hypericum 220 
Theaceae 
Eurya 40 


Violaceae 
Viola 250 
Isodendrion 3 
Begoniaceae 
Hillebrandia 1 


Turneraceae 
Turnera 70 


Passifloraceae 
Passiflora 275 


Loasaceae 
Mentzelia 60 
Sclerothrix 1 
Cactaceae 
Cereus 220 
Opuntia 250 
Thymelaeaceae 
Wikstroemia 20 


Lythraceae 


‚Cuphea 200 


Lythrum 23 
Pemphis 2 


Myrtaceae 


Decaspermum 12 
Eugenia 750 
Metrosideros 15 
Myrceugenia 15 
Myrteola 8 
Psidium 110 
Ugni 11 


Lecythidaceae 


Barringtonia 30 


Rhizophoraceae 


Crossostylis 6 
Rhizophora 3 
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Melastomaceae 


Astonia 30 
Melastoma 50 
Miconia 600 — = PŁ PZPR M 


Combretaceae 


Conocarpus 2 = 
Laguncularia 1 | TE 


| 
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Onagraceae 
c Jussieua 50 $ 1 — 2 — sf mu 


Halorrhagidaceae 


Gunnera 40 1 — 
Halorrhagis 70 A = 
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Araliaceae 


* Cheirodendron 2 2 (2) | — 
Meryta 15 — |1(1) 

Panax 6 — 2 

* Pterotropia 3 3(3) | — 
Reynoldsia 4 10) | 1 (1) 

a“ Tetraplasandra 7 6(6) | — 
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Umbelliferae 


Apium 40 -— 
Centella 20 — 
Daucus 60 1 
Eryngium 220 — 
Hydrocotyle 15 1 
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Peucedanum 180 2 
nicula 40 1 
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Ericaceae 
Pernettya 30 > its 
Vaccinium 120 2(9|1()| — 
Epacridaceae 

Cyathodes 15 21) |2(1)| — ehe =a 


Plumbaginaceae 
c Plumbago 10 1 1 1 — RP Ma U 


| Myrsinaceae | 
Embelia 120 1(1)) — i — Sho fe Ae qi 

c Rapanea 140 Z 
Suttonia 12 4 (4) Pa am Se a toits ac 


Sapotaceae 

Chrysophyllum 80 1 (1) 
Palaquium 65 — 
Sideroxylon 100 2 (2) 
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Primulaceae 
Lysimachia 120 


Ebenaceae 
Maba 70 


Loganiaceae 
Fagraea 20 
Geniostoma 40 
Labordea 9 


Oleaceae 


Jasminum 170 
Olea 35 


Gentianaceae 
Erythraea 30 


Apocynaceae 
Alstonia 30 

Alyxia 50 

Cerbera 6 

Lepinia 1 

Ochrosia 15 
Pteralyxia 1 
Rauwolfia 50 
Tabernaemontana 50 
Vallesia 2 


Asclepiadaceae 
Asclepias 160. 


Convolvulaceae 


Argyreia 40 
Breweria 35 
Calystegia 10 
Cressa 5 
Cuscuta 100 
Dichondra 6 
Evolvulus 180 
Ipomoea 400 
Jacquemontia 70 


Borragaceae 


Coldenia 15 
Cordia 280 
Heliotropium 220 
Selkirkia 1 
Tournefortia 120 


Labiatae 


Cuminia 2 
Haplostachys 3 
Hyptis 300 
Leucas 70 
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SS Phyllostegia 17 16 (16)| 1 (1) 
Plectranthus 110 1 
c Salvia 550 A 
Sphacele 20 1 (1) 
Stenogyne 16 16 (16) 
c Teucrium 100 = 
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! Hydrophyllaceae 


Ee Hydrolea 20 ae 
Nama 40 1 (1) 
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Verbenaceae 


c Avicennia 4 

c Clerodendron 150 
Duranta 10 
Lantana 60 

c Lippia 120 
Nesogenes 4 
Premna 45 
Raphithamnus 
Stachytarpheta 45 

c Verbena 100 

c Vitex 75 
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Solanaceae 


Acnistus 20 
Brachistus 20 
Cacabus 4 
Capsicum 30 
Grabowskia 6 
e Lycium 100 
Nieotiana 12 — 
S Nothocestrum 4 4 (4) 
Physalis 50 1 
c Sulanım 1200 6 (5) 
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Nolanaceae 
Periloba — 
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Scrophulariaceae 


Ambulia 30 — 
e Bacopa 50 1 
Capraria 4 pr 
Euphrasia 100 
Galvesia 3 
e | Lindernia 30 
Mimulus 80 
H Scoparia 10 
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Gesneriaceae 
- Cyrtandra 250 29(29)13(13)| — ©” 
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Acanthaceae 
c Dicliptera 100 —1L40 1 e E 
c Justicia 300 — — ,1(1)/] = 
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Ruellia 210 
Tetramerium 7 


Myoporaceae 
Myoporum 25 


Plantaginaceae 
Plantago 200 


Rubiaceae 
Bikkia 15 
Bobea 5 
Borreria 95 
Chomelia 30 
Coprosma 45 
Dentella 1 
Diodia 35 
Galium 250 
Gardenia 80 
Geophila 15 
Gouldia 5 
Guettarda 60 
Ixora 200 
Kadua 16 
Morinda 45 
Mussaenda 60 
Nauelea 35 
Nertera 10 
Oldenlandia 180 
Ophiorhiza 80 
Plectronia 100 
Psychotria 400 
Randia 125 
Relbunium 28 
Spermacoce 2 
Straussia 5 
Timonius 30 
Uraroga 130 


Goodeniaceae 
Scaevola 90 


Campanulaceae 
Apetahia 1 
Brighamia 1 
Clermontia 11 
Cyanea 28 
Delissea 7 
Lobelia 220 
Rollandia 6 
Scerotheca 2 


Wahlenbergia 120 


Cucurbitaceae 


Benincasa 2 
Elaterium 12 
Lagenaria 1 


D. Seymkiewicz: 


ES „a 1 da 
Lob] — — "t 
TC — era 
ER 1 ae ph 
50, -1—2 | 
DE. da] 2 
1 Mx TT 
9912(9l — Jam 
1 zad ET 
x SA 1 = 
— | - | — |10) 
DEB | — bebe 
RSL 1 Wa ii 
AL ee! 
POR 1 BE TRE 
HA) — " 
EC = | a 
Be. | — 
Ag 1 E T 
= BSTDAI = a 
iB x 
— BEN A 14 
= | 2.01 DLS Pe 
| 859 3 —. lu 
2]10|2()| — 
wa 2 (1) ES = 
<> = d FL 
aueh M 1 — 
ben E i 
ar 1 p 
— 1606) Ad, 
8(7)| 1 1 T 
E- Bav SE ns 
1) — | — li 
Hid Se 
H ee 
vule 8 2x Qi ae 
O ZA BRA 1 
ELO 28 M E NEM 
= KSC ech a 
p CX - (5) 
1 Me: 
sil ER i d 
1 AB, CA 


rcin.org.pl 


| a 


lolllouvuuvuuuuwu|wmw|wwmuwluwl|wuw ll 


BI|JBBBBITIBBIIBBBIBIBBITIBII 


B 


ellwolttll 


B 


|eles|seFe|eseEeR|| 


u 


lenseee 


| = | 


u 


Contribution statistique a la geographie floristique 
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Luffa 7 
Melothria 65 
Momordica 25 
Sicyos 30 


Compositae 


Abrotanella 15 
Acanthospermum 5 
Adenostemma 6 
Ageratum 45 
Ambrosia 15 
Argyroxiphium 2 
Artemisia 230 
Aster 400 
Baccharis 380 
Blainvillea 10 
Bidens 150 
Brickelia 80 
Centaureodendron 1 
Centipeda 5 
Chrysanthellum 4 
Coreopsis 80 
Dendroseris 11 
Dichrocephala 6 
Dubautia 6 
Eclipta 4 

Elvira 3 

Encelia 40 
Erigeron 180 
Eupatorium 450 
Fitchia 3 
Flaveria 20 
Gnaphalium 135 
Haplopappus 125 
Hemizonia 25 
Hesperomannia 2 
Jaegeria 6 
Lagenophora 15 
Lecocarpus 1 
Lipochaeta 12 
Pectis 60 
Porophyllum 28 
Raillardia 12 
Remya 2 
Rhetinodendron 1 
Robinsonia 6 
Scalesia 19 
Senecio 1400 
Siegesbeckia 4 
Spilanthes 35 
Tagetes 20 
Tetramolopium 20 
Verbesina 80 
Wedelia 65 
Wilkesia 2 
Yunkea 1 
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Ce qui caractórise encore les flores secondaires par rapport 
aux flores principales, c'est une proportion plus considérable des 
genres cosmopolites. Ainsi la Gréce a 22°/, de genres cosmopo- 
lites, tandis que la Pologne en a 25°/, et la Finlande 29°/,. En- 
core plus les flores des iles océaniques: Hawaii — 53, Tahiti 
— 48, Galapagos —57, Juan Fernandez 48. Ceci est trés natu- 
rel: ce sont des flores secondaires par excellence! 

Pour plus de clarté, j'appliquerai la méthode exposée plus haut 
a une série d’exemples, en commengant par les iles citées. 

A ce but, je donnerai d’abord la liste des genres de ces iles 
sous la forme d’une table, dans laquelle sont mis successivement 
les nombres d’espéces dans l’ordre: Hawaii, Tahiti; Galapagos, 
Juan Fernandez. Entre parenthéses sont donnés les nombres 
d'espèces endémiques. Aux noms des genres sont joints les nom- 
bres globaux d’espéces de ces genres. Les genres cosmopolites 
sont marqués par le signe c, les genres endémiques par *, les 
subendémiques par * *. En outre, les signes s, f, m, u indiquent 
la présence des genres dans les continents d’Asie, Afrique, Amé- 
rique et Australie. L’Asie, comme auparavant, est prise sans 
Malacca, l'Australie — avec la Tasmanie. 

On a ainsi aux iles Hawaii 229 genres d’Angiospermes dont 
108 non cosmopolites et 31 endémiques, a Tahiti respectivement 
249, 130 et 3, a Galapagos 209, 91 et 2, a Juan Fernandez enfin 
83, 43 et 11. Il est facile de déterminer les nombres de genres 
non cosmopolites communs a ces iles et les trois continents qui 
les entourent et de calculer les indiees d’affinité (tables I—II). 


TABLE I 


Genres communs non cosmopolites 


"Asie |Amérique Australie 


Hawaii hist . 45 32.8 43 
ARNO POTE LL a 95 25 83 
Galapazoś. | vm, 15 88 8 
Juan Fernandez . . 1 30 17 
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TABLE II | : 
Indices d'affinité (en pour - cent) 
| Asie Amérique | 
Hawaü; EST. ser 42 30 40 
Tahiti 03 (x Er. 13 19 64 
Galapagos .... 14 91 9 
Juan Fernandez . . 16 70 40 


On voit que les iles Hawaii constituent un domaine floral 
indépendant des continents. Son originalité est soulignee par de 
nombreux genres endémiques. La flore de Tahiti est secondaire 
par rapport à l’Asie et à PAustralie. Enfin les flores de Gala- 
pagos et de Juan Fernandez sont nettement américaines. 

En calculant l'indice d’affinit6 pour les flores considérées 
prise deux a deux, on constate que ces flores ont peu de com- 
mun (voyez les tables III—IV composées d’après la méthode de 
Czekanowski). 


TABLE III 
Genres communs non cosmopolites 


| H T G | JF 
Hawaii. 108 34 | 4 8 
gu LE CA Ge? 130 0 3 
Galapagos | — | — 91 1 
DRM alba dogs. Bee histo lagi | 
| | 
TABLE IV 


Indices d’affinite 


Bawaitg iii 4: — 31 4 19 
Haiti}: 80. 8 31 -— 0 a 
Galapagos .. 4 0 E 2 
Eines 19 7 2 — 
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Je présenterai ensuite l'application de la méthode à la déli- 
mitation du domaine Méditerranéen. Je prendrai les flores sui- 
vantes: Egypte — 513 genres dont 342 non cosmopolites, Maroc 
avec respectivement 764 et 586 genres, Espagne méditerranéenne 
(sans Pyrénées et Asturie) avec 821 et 640 genres, Gréce avec 
180 et 610, Syrie (sans Palestine) avec 732 et 565, enfin Tur- 
kestan avec 800 et 625. 

Je les comparerai d'abord aux flores situées à l'Ouest et 
à l'Est. Je prendrai à l'Ouest les deux flores atlantiques de 
l'Amérique du Nord, l'une englobant les Etats Unis de NE, 
l’autre — ceux de SZ. La premiere qui a 124 genres dont 528 
non cosmopolites est limitée par les états de Wisconsin, Illinois, 
Kentucky et Virginia à l'exclusion du Maine. La seconde qui 
compte 792 genres dont 571 non cosmopolites est limitée 
par les états de Mississippi, Tennessee et North Carolina à l'ex- 
clusion de la Floride. 

A l'Est je prends les flores oriasiatiques: le Himalaya occi- 
dental avec le Kumaon comme centre (929 genres dont 694 non 
cosmopolites) la Chine centrale avec le Se-tchouan comme centre 
(884 et 660 genres) et le Japon proprement dit (859 et 627 genres). 

Dans les tables V—VI sont réunis les nombres de genres 
communs non cosmopolites pour ces flores et les valeurs respe- 
ctives de l'indice d'affinité. 

On voit de ces tables la forte différence entre les flores mé- 
diterranéennes et nordaméricaines. La différence vis-à-vis les flo- 
res oriasiatiques est moins forte, mais néanmoins trés nette. 

Parmi les six flores méditerranéennes considérées, celle de 
l'Egypte a le caractère d'une flore secondaire. Ce caractère est 
souligné par une forte proportion des genres cosmopolites: 33°/, 
contre la proportion remarquablement uniforme de 22—23°/, dans 
les flores méditerranéennes principales. 

Considérons maintenant la limite Sud du domaine Méditerra- 
néen. Je prends pour cela le Sahara central (258 genres dont 
164 non cosmopolites), le Soudan (842 et 565 genres) et le Congo 
(928 et 102 genres). Les tables VII et VIII présentent les données 
nécessaires. Il s'ensuit que le Sahara est doté d'une flore médi- 
terranéenne secondaire avec 36°/, de genres cosmopolites. Par 
contre le Soudan et le Congo se trouvent au-delà du domaine 
Méditerranéen. Leurs flores appartiennent au domaine Africain 
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tropical. Il faut pourtant signaler un fort rapprochement de la 
flore du Sahara à celle du Soudan. 


TABLE V 


Genres communs non cosmopolites 


SE | NE RON x 

a E | Eg | M |Esp| Gr | Syr |Turk| Him, Ch | Jap 
SE US... |571 |457| 42| 87 | 120 | 123 | 95 | 124 | 144 | 187 | 207 
NE US... | — |529| 43| 98 | 143 | 140 | 107 | 153 | 155 | 208 | 234 
Egypte. . . | — | — | 342 | 264 | 232 | 224 | 232 | 186 | 102 | 16| 66 
Maroc... . | — | — | — |586 | 484 | 445 | 368 | 300 | 178 | 148 | 143 
Espagne .. | — | — | — | — |640 | 506 | 442 | 370 | 209 | 198 | 197 
Grèce . . . | — | — | — | — | — [610 | 477 | 366 | 210 | 201 | 188 
Syrie. . Let: ka P. | ee | 5655943193 |. 173 | 162 
Türk d 545.7 — | — | — |-— | — | — | — | 625 | 250 | 236 | 226 
W: Mila. pe DIESE | 694 11369 (420 
CHER aoe e ee i E-—| 13000316 
daponj ia; CTI Bott i PLE ne — 626 | 

TABLE VI 


Indices d'affinitć 


Tusk WH Ch | J | 
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TABLE VII 


Genres communs non cosmopolites 


Eg | Ba | Mar |Soud| © | 
fed | | 
Beypte. s +. . | 342 136 264 132 | 39 
Sahara — 164 142 77 13 
MAO, cija — — 586 92 31 
SENA lone | SUE. UH —. 85 17008 
Congo i. sr: are | PE — — — 702 
| 
TABLE VIII 
Indices d’affinite 
| Sa ar Soud C | 
ERypte: oS. | 
Sahara E | | 
Marot vo. | 
Soudan; .. zs. 
Congo, NISL 
| 


Du cóté Nord le domaine Méditerranéen est également bordé 
par les flores secondaires. Dans cette bordure Engler a distingué 
les domaines floraux Centre-européen, Subarctique et Arctique, 
équivalents au domaine Méditerranéen. Or, il n'en est rien. Ce 
sont des flores secondaires de ce dernier domaine, secondaires 
aussi les unes par rapport aux autres en mesure qu'on avance 
de plus en plus vers le Nord. On le voit nettement par exemple, 
lorsqu'on compare les flores de Gréce, Pologne (557 genres dont 
420 non cosmopolites), Finlande (prise jusqu'à 64° de latitude, 
avec 356 et 253 genres) et Mourman, c'est à dire le littoral 
océanique de la presqu'île de Kola (172 et 118 genres) Les tables 
IX et X fournissent pour cela les données nécessaires. 

Il s'ensuit encore des faits rapportés que le domaine Centre- 
asiatique d’Engler n'existe pas: le Turkestan (et l'Iran aussi) 
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TABLE IX 


Genres communs non cosmopolites 


Grèce , ar 610 | 318 | 206 15 


Pologne. ma. — | 420 | 251 | 106 

Finlande seit — — 953 96 

| Mouton: xq — — 118 
TABLE X 


Indices d'affinité 


Gr „Jasik 
| | 


Greco... — 76 81 64 
Pologne. . . . . 76 LI 99 90 
RBinlande- T... 81 99 — 81 


Mounnan M se. 64 90 81 — 


est mediterraneen, tandis qu’au Himalaya commence la flore 
oriasiatique. 

Je donnerai beaucoup dautres applications de la móthode 
exposée dans la serie »Etudes phytogéographiques«, ou l'on 
trouvera tous les détails concernant ces problémes. 
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Miksobakterie rodzaju Chondromyces Berkeley i Curtis. — 
Myxobacteria of the species Chondromyces 
Berkeley and Curtis. 


Mémoire 
de M"* H. KRZEMIENIEWSKA et M. S. KRZEMIENIEWSKI m. t. 
présenté le 6 Mai 1946 par M. WI. Szafer m. t. 
| (Plate 1) 
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Myxobacteria have been confined by R. Thaxter to three 
genera: Myxococcus, Chondromyces and Myxobacter (12, 13, 14). 
The last name was changed later on by him into Polyangium 
because his Myxobacter aureus turned out to be identical with 
the previously known Polyangium vitellinum described by Link 
in 1795. 

The genus Myxococcus includes Myxobacteria whose rodlike 
vegetative cells when passing into the resting stage and clustering 
into so called fruiting bodies become so much shortened that they 
mostly change into globular spores. The genus Polyangium contains 
Myxobacteria whose vegetative rods do not diminish so much 
for the resting stage as those of the genus Myxococcus. Besides 
they very chacteristically cluster into closed membrane-covered 
cysts ranging beside, or clustering upon, each other, sometimes 
only raised on cystophores and often grouped into a common 
slimy sheath. The third genus Chondromyees contains species 
with cysts not lying loose but set on tips of single or branched 
cystophores. The cells of the Chondromyces cysts differ from 
vegetative cells similarly to those of the genus Polyangium. They 
are thicker, often curved, usually with rounded ends and always 
considerably shorter. 
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The name of the genus Chondromyces was not a new one 
having been introduced by Berkeley ‘and Curtis in the 
middle of the last century for organisms that, while analogous 
to Myxobacteria, were then still regarded as fungi (1). Thaxter 
included here eleven species of Myxobacteria among them four 
described in 1892, such as Ch. crocatus, Ch. aurantiacus, Ch. 
lichenicolus and Ch. serpens, three species found later, in 1897. 
viz. Ch. gracilipes, Ch. erectus and Ch. apiculatus, and lastly four 
species which he described in 1904: Ch. catenulatus, Ch. pedicu- 
latus, Ch. sessilis and Ch. muscorwm. 

Further research by different authors did not add many new 
species to the genus Chondromyces. In 1896 H. Zukal, ignorant 
of Thaxter’s work, again described Ch. crocatus found in the 
vicinity of Vienna under the name of Myxobotrys variabilis as 
a new species of Myxomycetes (16). In his subsequent work, after 
he had become acquainted with Thaxter’s work, he stated 
that — besides Ch. crocatus, he had found near Vienna three more 
species of this genus: Ch. aurantiacus, Ch. lichenicolus and Ch. 
serpens, bud did not describe them further (17). Ch. crocatus is. 
mentioned next in Solms-Laubach’s rewiew of E. Zeder- 
bauer’s work entitled »Myxobacteriacaee, eine Symbiose zwischen 
Pilzen und Bakterien«. We are quoting the title as being an 
expression of the views of some authors on the nature of Myxo- 
bacteria. Solms-Laubach says that as far back as 1883 he 
had found in Buitenzorg on a rotten banana fruit an organism 
corresponding exactly to the Chondromyces crocatus, described ten 
years later by Thaxter (11). Other descriptions of Myxobacteria 
of the genus Chondromyces are given by A. Quehl (10). He 
describes Ch. apiculatus from the environs of Berlin, Ch. auran- 
tiacus and Ch. crocatus grown on manure imported from Java, 
Ch. erectus, Ch. gracilipes and Ch. serpens grown on rabbit manure 
collected near Berlin, Ch. lichenicolus on rabbit and goat manure 
from Norway and on rotten leaves from the environs of Berlin. 
The search for Myxobacteria was taken up again in 1913 by I. 
Kofler in the environs of Vienna. He describes among others 
Ch. apiculatus, Ch. erectus, Ch. gracilis (recte gracilipes) and a very 
beautiful formerly unknown Ch. lanuginosus grown on hare 
manure (4). Three years later J. Faull, of Toronto, evidently 
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ignorant of Kofler’s work, described an exactly similar species 
and called it Ch. Thaxteri (2). 

So far then Kofler’s Ch. lanuginosus and Faull’s Ch. Thaxteri 
were up to the present the only ones to increase the number of 
species of the genus Chondromyces described by Thaxter. 

In spite of the comparatively small number of these species; 
their characteristics did not always allow to differentiate them 
from other genera. It was already Quehl, who met with diffi- 
culties in defining the limits between the genus Chondromyces 
and genus Polyangium. He even finds great similarity of develop- 
ment between Ch. serpens and Polyangium fuscum, and thinks 
that Ch. serpens somehow appears as Polyangium arrested in its 
development, when clusters of its cells in the form of elongated 
coils have not yet had time to divide into parts, that is separate 
cysts, as is ultimately the case with Polyangium. Quehl finds 
a still lower stage of development than in Ch. serpens in the 
Polyangium primigenium described by himself, where the fruiting 
body consists barely of an irregular mass of rods not even clu- 
stered into coils. By these observations Quehl was brought to 
forward the question whether it would not be advisable to unite 
Polyangium and Chondromyces into one genus, since in his opinion 
the differences between them are not so great as to justify their 
separation. 

Another point of view concerning this question is represented 
by E. Jahn. He describes among others a microbacterium named 
Archangium Thaxteri which similarly to Thaxter’s Chondro- 
myces serpens consists in its resting stage of clusters of long 
coils covered with a thick gelatinous sheath. Owing to the pre- 
sence of this sheath this form should be included in the genus 
Polyamgium. It occurred however that some individuals of this 
species formed cystophores out of slime on which appeared 
swarms in their resting stage that is fruiting bodies in the shape 
of coils and whorls. The eystophore of the Archangium Thaxteri 
supporting the fruiting body is a feature of the genus Chondro- 
myces While the slime membrane on its fruiting body is an attri- 
bute of the Polyangiwm. Thus it is evident that in this case 
a strict delimitation between those two genera cannot be effected. 
Jahn found the following solution: he eliminated J/yxobacteria, 
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which formed resting swarms of rods of primitive shape, such 
as irregular clots or—at most—coils and whorls undivided into 
cysts, as a separate family, the Archiangiaceae. This family on one 
hand included species covered with a mucuous membrane and 
thus reminiscent of Polyangiwm, on the other hand species forming 
eystophores like the genus Chondromyces, but supporting — instead 
of cysts—irregular coilshaped clusters of xods. Jah'n accordingly 
included in the Archiangiaceae family not only his Archiangium 
Thaxteri but also Quehl’s Polyangium primigenium and Thaxter's 
Chondromyces serpens, changing their generic names into Archan- 
gium. Besides those primitive Wyxobacteria Jahn counted among 
the Archiangiaceae family another genus—Stelangium—which does 
not form coilshaped resting swarms but only irregular slightly 
spindle-like protuberances. Here he also placed Thaxter’s Ch. 
muscorum. 

After the exclusion of the Myxococcaceae and Archangiaceae 
families Jahn divided the remaining Myxobacteria among two 
families: Sorangiaceae and Polyangiaceae. The basis of this division 
was no longer the slimy sheath covering the cysts, considered 
hitherto a characteristic of Polyangium, nor cystophores supporting 
cysts which could develop not only in species of the genus 
Chondromyces, but also, as was seen before, in primitive forms of 
the Archangiaceae family (Arch. Thaxteri) or even in Myxococ- 
caceae (Mya. stipitalus). Instead it was the shape of cysts and 
their membranes which was used as basis of the division. 

Of Myxobacteria of the genus Polyangium whose small cysts 
were angular because closely pressed against one another Jahn 
created a new family called Sorangiaceae whith only one genus 
Sorangium. Here he included Thaxter’s Polyangium septatum, 
Pol. sorediatum and Pol. compositum. Other Polyangia together 
with the remaining species of the genus Chondromyces formed the 
Polyangiaceae family. Here the genus Polyangium comprises Myxo- 
bacteria with loose-lying rounded cysts covered with well-developed 
membranae and often embedded in slime. Jahn divided the species 
of the former genus Chondromyces belonging to this family whose 
cysts were either immediately attached to the base or set on 
cystophores or their branchings, among several genera: 

1) genus Podangium including Myxobacteria whith spherical or 
elongated cysts set singly on cystophores; 
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2) genus Chondromyces with numerous cysts clustered on tips 
of cystophores or their branchings; 

3) genus Synangium with cysts grown together at their bases 
into spherical or disk-shaped clusters; 

4) genus Melittangium comprising Melittangium Boletus des- 
cribed by Jahn with cysts more or less flattened and set singly 
on cystophores like pilei. 

Thaxter’s Chondromyces lichenicolus, Ch. gractlipes and Ch. 
erectus are included in the genus Podangium. Genus Synangium 
comprises Thaxter's Ch. sessilis, Kofler's Ch. lanuginosus 
and Faull's Ch. Thazteri. Thus only Ch. crocatus, Ch. apiculatus, 
Ch. pediculatus and Ch. catenulatus were left as belonging to the 
genus Chondromyces. — The Myxobacteria of the new genera 
formerly included in the genus Chondromyces together with J ahn’s 
Melittangium, will be the subject of our further argumentation. 


IL. 


A few preliminary remarks concerning the genera Melittangium 
and Synangium. We have already had occasion to express our 
doubts whether it was necessary to establish a separate genus for 
Melittangium, and whether Faull’s Synangium (Chondromyces) 
Thaxteri should be considered a different species from Kofler's 
Synangium (Chondromyces) lanuginosum. Jahn (3) eliminated 
Melittangium from among Polyangiaceae, mainly because of its 
peculiar way of forming membranes on cysts. The rods with 
which the latter are filled, particularly in their upper part, are 
arranged parallel to each other and perpendicular to the surface 
of the cysts. This is visible in several outer layers of cells. In 
connection with this there remains after the germination of the 
cysts a net on their membranes with lighter meshes lying evenly 
beside each other. It consists. of grooves in the slime on the 
inner side of the membranes in which the outer ends of the rods 
were embedded. These grooves resembled a honeycomb from 
which the name of the genus Melittangium is derived. We have 
already at one time pointed out that the position of the rods 
observed by Jahn in-Melittangium cysts is not its exclusive 
attribute at all (5), but is met with, although not so distinctly, in 
species of the genus Sorangiwm. At present it may be added that 
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a similar structure of cyst membranes also occurs in Polyangium 
(5). Consequently we do not hesitate to place Melittangium Boletus 
by the side of Podangium lichenicolum as a separate species of 
this genus. The specific name of Boletus rather well defines the 
most frequently occurring shapes of cysts of this species. Set up. 
on eystophores they really resemble fungi and are easily distin- 
guished from other species. | 

The alleged likeness which Jahn found between the Chon- 
dromyces lichenicolus mentioned by Quehl and the Welittangium 
with abnormal spherical cysts is not sufficiently certain, if we 
only take into consideration the notable difference in the size of 
cysts of these Myxobacteria. According to Quehl the sizes of 
cysts of Ch. lichenicolus are 25 to 45 u which tallies well with: 
the dimensions given by Thaxter 28 X 35 u but considerably 
differs from the sizes of Melittangium cysts which according to 
Jahn are 50—60 u, even in smaller spherical cysts. 

Another species of this group of Myxobacteria which were 
the subject of our critical observations is Faull’s Chondromyces 
Thaxteri (2. Faull, as Jahn is probably right in supposing, 
must have been ignorant of the Chondromyces lanuginosus described 
by Kofler as found near Vienna, which explains why he described 
it as a new species under the name of Ch. Thaxteri, while it is 
practically identical with Kofler’s Viennese species. Jahn 
however tries to differentiate both those species, the Viennese 
one with reddish coloured fruiting bodies and the American with 
yellow ones, although all their dimensions are identical. 

Let us consider more closely how these two species resemble 
and differ from each other. Kofler pointed out that the cysto- 
phores of Ch. lanuginosus, first colourless, later on often change 
into a yellowish colour. Faull likewise finds yellowish eystophores 
in Ch. Thaxteri. Fruiting bodies in form of spherical clusters or 
even germinations of cysts in Ch. lanuginosus are according to 
Kofler meat-coloured, delicately pink to orange, changing 
according to the amount of moisture in the air and to temperature. 
In very moist air and higher temperature the cyst clusters are 
light-coloured, when left uncovered even for half an hour in room 
temperature they become dark at once. In his description of 
Chondromyces Thaxteri Faull states likewise (2) that its cysts 
while habitually yellowish may change from meat colour to red- 
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orange. For unknown reasons however the Latin diagnosis of this 
species considerably differs from this description. We read there 
that Ch. Thazteri.... "fructificationibus luteis" Jahn probably 
alluded to this when writing that the cysts of Ch. lanuginosus 
were reddish, those of Ch. Thaxteri yellow. We consider however 
the detailed descriptions of colour given by Kofler and Faull 
more decisive, and in both of them the two species approach 
each other very closely. Their other characteristics are very nearly 
identical. Cells are the same — 3—6 u in size, clusters of cysts 
according to Kofler 80—200 u in diameter, tufts 15—50 m, 
according to Faull cyst aggregations 65—165 u in diameter, 
usually about 140, tufts 15—30 u. Everything tends to show 
that we are dealing here with one species. 

In the last years we have succeeded to grow this rare Myxo- 
bacterium in a laboratory culture on hay. It is altogether its 
third isolation (fig. 1, pl. 1). When grafted it is easy to grow, but the 
fruiting stage is delayed much longer than with other Myro- 
bacteria—up to three weeks. The fruiting bodies are first white, 
then change into flesh colour, light pink, and when drying up 
become pink — meat coloured. Swarms of cysts while young may 
be said to be yellowish. They measure from 40 to 66 u in inner 
diameter without the tufts, with tufts they are 56 to 80 u the 
tufts thus being 7 w in length. At other times much larger 
clusters were obtained, measuring 140—215 u in inner diameter, 
without the tufts which were much longer too, from 11 to 17 m. 
This large inequality of dimensions in cyst clusters had already 
been pointed out by Faull. It occurs sometimes that the cyst 
clusters on cystophores are not spherical but appear in the shape 
of thick disks. On their slightly concave surface white tufts are 
sticking out—tips of cysts grown together at their bases. These 
disks are from 147 to 245 u in diameter. Similar forms were 
mentioned by Faull. According to him those disks measure 
from 65 to 165 w in diameter, the tufts on them being 15 to 
30 u in length, while their bases are from 10 to 22 u in dia- 
meter. It follows then that Jahn is wrong when, writing about 
cysts of this genus grown together in disks or rosettes, he treats 
them exclusively as specific properties of Thaxter’s Synangiwm 
(Chondromyces) sessile. The cystophores of our Synangium are 
yellowish in colour, 640 w in height, and at half their height 
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88 u in diameter. They are mostly single, unbranched with one 
or two clusters at their tips (fig. 2, pl. I). Branched cystophores are 
of much rarer occurrence (fig. 1). Sometimes the clusters produce 
secondary cystophores, much thinner, 50 to 60 m long, tipped 
with smaller clusters. This germination of cysts known in’ Chon- 
dromyces apiculatus (10) and Ch. crocatus (12) was described by 
Kofler in Ch. lanuginosus; he added that germinated cysts die 
after one or two days leaving in their places only the broadened 
tips of the cystophores. The same process could be observed in 
our cultures. 

The dimensions of the Synangium cells are the same as those 
given by Kofler and Faull. Vegetative rods are 2:.9—7:7 x 09 
—1-0 u (fig. 3, pl. 1) encystated rods do not differ much from vegeta- 
tive ones being only a little smaller —2:3—5:9 X 0:6 —1°0 u (fig. 5). 
Kofler called attention to the fact that in their early developing 
stages they are even of the same size as in mature cysts. But, 
what is most important, both vegetative and encystated cells of 
our Synangium are of the same type as the Sorangium cells, that 
is they are straight, not tapering towards the ends but bluntly 
rounded. In this respect they differ from cells of other Chondro- 
myces species with the only exception of Ch. crocatus—of which 
more later on (fig. 3 and 5, pl. 1). : 

Summing up what we have been saying, basing on observations 
of our own material we must state that Faull’s Chondromyces 
Thaxteri does not differ from Kofler’s Ch. lanuginosus and by 
right of priority ought to bear the name given it by Kofler. 

Jahn places Thaxter's Synangium (Chodromyces) sessile 
apart from Faull’s and Kofler's Synangium although it differs 
from the latter merely by its lack of cystophores, being, as Jahn 
writes “ohne Spur eines Stiels”. It must be observed however 
that when describing Ch. sessilis, Thaxter mentioned “specimens 
oecasionally occur in which there seems to have been an attempt 
to differentiate an irregular cystophore” (14) On the other hand 
it has been repeatedly stated about different Wyxobacteria of this 
group, that under certain conditions their cystophores cease to 
differentiate. Consequently the lack of a cystophore in CA. sessilis 
may not be its essential characteristic. Since it does not differ 
‚in, other respects from Synangium lanuginosum it would seem 
most appropriate to treat Thaxter’s Synangium (Chondromyces ) 
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sessile not as a separate species but as a separate form or variant 
of Syn. lanuginosum. It ought to be added that Thaxter had 
never observed Synangium on cystophores. 


ILL, 


We are now passing on to consider Chondromyces crocatus and 
Ch. cylindricus. We were much interested in Ch. crocatus wishing 
to investigate its cells more closely. We wrote: “Ch. crocatus 
might be supposed to possess cells of the Sorangium type. It is 
true that Thaxter stated (1892), that its rods are cylindrical or 
even slightly tapering at the ends, but Vahle pointed out that 
their ends are blunt and so they appear in his drawings, exactly 
like the cells of Sorangium (15). This would seem to agree with 
the description of Pinoy (9), who finds that vegetative cells of 
Ch. crocatus have “bouts arrondis”. Not having Ch. crocatus in 
culture it was impossible to verify this supposition.” The passage 
quoted is taken from our work on the Morphology of Myxo- 
bacterium cells (8). We tried to get material on which to grow 
Ch. crocatus from America and Java but neither the samples of 
soil nor the cultures forwarded from there ever reached us. It 
was only in 1936 that we received specimens of Ch. crocatus 
obtained in 1935 on bark of a tree in the environs of Santa 
Maria in Columbia thanks to the good offices of Professor G. W. 
Martin of Jova City (U.S. A.). 

Ch. crocatus has been repeatedly described and illustrated. 
Besides the description and drawing by Thaxter (1892) there 
is another description and drawing by Quehl based on material 
from Java (1906), then H. Zukal’s description and drawing 
under the name of Myxobotrys based on material obtained near 
Vienna (1896), a drawing and description by C. Vahle (1909) 
founded on American material received from Thaxter, and 
lastly a description and drawing of Jahn on material obtained 
near Berlin (1924). All these descriptions agree that of all known 
species of this genus it is Ch. crocatus that has the smallest 
eysts and the lightest colouring. The sizes of cysts and cells of 
the Ch. crocatus in our culture are the same as stated by other 
authors. 

According to Thaxter the cysts of Ch. crocatus are 15—45 
X 6—20 u in size, averaging 28 X 12 u, Quehl’s figures are 
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30 X 15—10 u, according to our measurements they oscillate between 
. 15—37 X 9—16 u, most frequently they are 19—23 X 9—11 u 
(82 measurings). The sizes of cells too are given uniformly enough. 
According to Thaxter they are 25—6 X 0:6—0*7 u, to Quehl 
—2—3 u, to Vahle young vegetative cells are 4—8x06—08 u, 
older cells before developing fruiting bodies 2:5— 3:8 x 0:8—10 u. 
The results of our measurements of vegetative rods were 
34—109x13—17 u, of rods in cysts —2:4—3:8 X 1:0—12 m. 
The shape of cysts was the same as demonstrated by Thaxter: 
at first spindle-like. then widening at the bottom, often flattened, 
with remainders of pedicles connecting them with the cystophore 
(fig. 7, pl. 1). They were of a very pale straw colour then changing 
into golden yellow. According to Quehl light-yellow cyst clusters 
often become brownish with time. They are grouped on cystophores 
or their ramifications. Cystophores are mostly branched (fig. 6) 
and 600 wand more in height. Their surface is furrowed lenghtwise, 
orange-coloured, sometimes, particularly when drying up changing 
into brown. There also occur cystophores spirally twisted. Broken 
cysts form new fruiting bodies within 8—9 days, on boiled rabbit 
manure earlier than on unboiled. As has been stated and illustrated 
by Thaxter a germination of cysts may often be observed 
producing a kind of threads tipped with single cyst (fig. 4). 
Quehl describes the same in Ch. apiculatus and Kofler in Ch. 
lunuginosus. The shapes of the rods correspond to our anticipations 
based on descriptions and drawings of other authors. This is best 
reproduced by Vahle’s illustrations. The ends of the rods are 
rounded, sometimes.even wider in diameter than the middle of 
the rods. There is no doubt whatever that they are indeed of 
the same type as the rods of Sorangium (fig. 8, pl. 1) or of the Sy- 
nangium just discussed above. Such cells are not to be found in 
any other Chondromyces species. 

Chondromyces cylindricus originally described by us as Ch. 
aurantiacus (B. et C.) Th. (5) was later acknowledged as a new 
species (7). Its numerous cysts are set on thick straigh cystophores 
slightly narrowing towards the tip, single or thickly clustered, 
which makes them appear as shortly ramified, colourless or 
yellow-orange, averaging 200 u in height (fig. 18, pl. 1). Cysts when 
young occur on thin pedicles about 30 m in length, then settling 
down. They are oval, or elongated, mostly of a thick cylindrica] 
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shape with rounded ends (fig. 22). They cluster on cystophores 
forming spherical shapes, but when the cystophores are standing 
thickly close to each other they form a convex or even flat 
compact turf, sometimes covering large areas. Rods in cysts are 
—2—4 X 0'1—10 u vegetative ones 6—11 X 05—08 u. Their 
ends are distinctly tapering. The cysts do not correspond in 
shape, size or even colour to Ch. aurantiacus.— Cysts of Ch. 
cylindricus as mentioned above are mostly cylindrical and 
30—90 x 20—30 u in size, while in Ch. aurantiacus as stated 
by Thaxter they are oval, elliptical or round, 30—40 X 50— 15 u 
in size. The Ch. cylindricus cysts are orange turning into orange- 
red or orange-brown, while in Ch. aurantiacus they are a bright 
orange colour when dry; in a moist atmosphere they are said, 
according to Thaxter to turn into chestnut-brown. We have 
had Ch. cylindricus in culture for about fifteen years. It has 
remained unchanged and its cysts show germinating ability even 
after a period of eight years. When broken open they form new 
fruiting bodies within seven days. Boiled rabbit manuro is a better 
substratum for Ch. cylindricus as well as for other Myaxobacteria 
than unboiled. We have investigated this species more closely 
mainly because we had first taken it for Ch. aurantiacus and 
only later on acknowledged it as a separate and new species. 
This is at present confirmed by comparing it with the—as we 
are certain—true Ch. aurantiacus. 


IV. 

Thaxter maintains that Chondromyces aurantiacus described 
by him in 1892 is along with Myxococcus rubescens the commonest 
of all existing Myxobacteria. In his opinion anyone searching for 
Myxomycetes cannot overlook it on rotting wood or on fungi. 
But in spite of that it seems that this species has not yet been 
found in Europe. Quehl grew it but on manure imported 
from Java (1906), Jahn obtained it in 1923 from Faull (Toronto) 
and Zukal’s assertion that he had found it near Vienna is very 
doubtful and supported neither by description nor illustration. 
During a period of about fifteen years we were not once able to 
observe it. It was only in 1938 that we found this species when 
actually searching for Myxomycetes, and then we succeeded in ` 
growing it on material obtained from two different places. 
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Different authors all agree that Ch. aurantiacus mostly possesses 
single cystophores, rarely forked (Thaxter), colourless or meat- 
coloured, often yellowish at the tip (Jahn), measuring 200 to 
400 u (Quehl). When kept in very moist atmosphere it sometimes 
fails to produce cystophores. At other times, for instance in the 
vicinity of Phycomycetes it produces, according to Jahn’s 
observations, abnormally branched cystophores with cysts clustering 
at their tips. Cysts may be of different shape, oval, elliptical 
and round ones broadly set on cystophores. They are orange- 
coloured or reddish (Quehl), when left for a longer period in 
moist air they may turn into chestnut-brown (Thaxter). They 
are, as usual, unequal in size, 30—75 X 30—50 u (Thaxter) 
20—50 u (Quehl) Vegetative cells are 7—15 X 06—1-0 u, 
averaging 7 X 05 u (Thaxter) in cysts 2—3 X 06 u (Quehl). 
They taper towards the ends but the ends themselves are rounded 
(Thaxter). Hence it follows that Ch. aurantiacus differs consid- 
erably both from Ch. cylindricus and Ch. crocatus in shape, colour 
and size of cysts, But, we are sorry to say, up to the present we 
have had no opportunity to observe it, since, as we said before, 
we only lately succeeded in isolating and growing it. 

In 1938 we observed in Zadabrowie north of Kroscienko on 
the right steep bank of the Dunajec in an old beech-forest on 
dry bits of rotten beechwood a delicate red growth which we at 
once with help of a lens recognized as Chondromyces. In the same 
year we collected some bits of beechwood bark in a forest at the 
foot of the Trzy Korony in Pieniny, for laboratory growth. In 
the same year we obtained a few pine-twigs collected in a forest 
in Ciemianka in Szezuczyn in the Bialystok Woiwodcy. This 
material we placed separately on moist blotting-paper in flat glass- 
covered vessels, After some time we obtained on them among 
others also some Chondromyces cultures. 

On the material from Zadabrowie the Chondrymyces cystophores 
were single or clustered together (fig. 19, pl. 1) on a common base 
on an area of one mm?. The cystophores averaged 175 u in height 
(from 135 to 270 u) and 45—70 u in thickness. They were light 
yellow-brown in colour. The cysts were orange-red, in light turning 

into light yellow-brown, 27— 56 X 17—53 u in size (134 measurings), 
` nearly identical with ready cysts collected on wood in the forest 
23 —50 X 21—45 u —26 measurings). They were irregular in shape, 
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almost spherical or elongated, widening towards the tips set on 
cystophores immediately as if with the base cut off, or narrowed, 
or else on short pedicles. When sown out on rabbit manure they 
developed new half-transparent flesh-coloured or colourless clus- 
ters of rods. Young fruiting-bodies were at first a light yellowish 
pink, then becoming orange-coloured. Young vegetative rods, always 
narrowing towards both ends, 3:8— 9:1 X 0:6—0'8 u in size (25 
measurements), older rods 3:4—6:2 x 0:8—1:0 u, encystated ones 
—21—34 X 0:8—1'0 u. It is evident that while thickening a little 
they diminish nearly to half their lenght when passing into the 
resting stage (fig. 20, pl. 1). 

On the wood with bark taken near Trzy Korony swarms of 
Myxobacteria developed similar to the preceding (fig. 15). Their 
cysts like those from Zadabrowie were unequal, 24—72 X 11—54 u 
in size (37 measurings) mostly 35—59 X 24—42 u (fig. 16). 
Cystophores the same as before but sometimes, although very 
rarely, there occured abnormally developed, -branched and more 
or less as those illustrated by Jahn (p. 59), with single cysts 
at the branched tips (fig. 21). Rods were identical with the Za- 
dabrowie culture. 

Chondromyces grown on pine-twigs from Ciemianka had cysts 
.24—72 X 14—52 u in size (256 measurements) mostly 32—52 X 
16—38 u, rods mostly of the same type and size as in the two 
preceding cultures. 

A comparison of the above three cultures ‚shows. that they 
belong to the same species of Myxobacteria, Their fruiting bodies 
turning from light flesh-colour to a vivid orange-red, cystophores 
nearly colourless. Cysts and cells almost identical in shape and 
size. But both in colour and size of their cysts the above three 
forms approach so closely the typical Chondromyces aurantiacus, 
that we do not hesitate to acknowledge them as belonging to this 
species. Thus we are able to state for the first time the occurrence 
of this species in Europe. 

Having at last found a Mywobacterium which is in our opinion 
identical with Thaxter’s Chondromyces aurantiacus we ought to 
compare with it the Ch. awrantiacus, var. frutescens (5) formerly 
described by us. At first we believed it to be a variant of a species 
which later on turned out to be quite new and was called Ch. 
cylindricus (1). The variant was supposed to differ from type by 
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cystophores clustering into bundles, hence the name “frutescens”, 
and by its considerably larger dark-brown cysts. At present we 
find that similar cystophore clusteriugs occur in the same degree 
in the Ch. aurantiacus proper, so that this feature ceases to be 
essential. There remain the colour and size of cysts by which 
Ch. frutescens is still differentiated from Ch. aurantiacus. The 
sizes of cysts of the variant, setting aside a few extreme cases, 
vary about 37—102 X 28—83 u, while in Ch. aurantiacus they 
are according to Thaxter 30—75 X 30—50 u, according to our 
measurings of the Zadabrowie material 27—56 X 17-53 u (148 
measurings) from Trzy Korony—24— 12 X 17—54 u (37 measur- 
ings) lastly from Ciemianka—24—72 X 14—52 u (256 measurings). 
Thus the cysts of Ch. aurantiacus var, frutescens are considerably 
larger than those of Ch. aurantiacus (fig. 10). Another equally 
important point is that the cysts of Ch. aurantiacus var. frutescens 
stand out by their colouring from the entire genus. Its constant 
characteristie distinguishing it from other species of this genus 
is that its cysts at first orange-coloured or orange-brown soon 
become very dark chestnut-brown and ina dry state nearly quite 
black. Such colouring of cysts is never observed in cultures of 
Ch. aurantiacus. 

At one time we thought that by comparing Ch. aurantiacus 
var. frutescens with the Ch. aurantiacus proper it might be shown 
that they were identical. But at present, when actually making 
this comparison we arrive at the conclusion, that Ch. var. frutes- 
cens cannot further be treated as a variant of Ch. aurantiacus, 
but should with regard to the size and colour of its cysts be 
raised to the rank of a separate species which ought—because 
of its peculiar colourmg—, be named Chondromyces brunneus. We 
are doing it with all the more conviction as Chondromyces auran- 
tiacus under identical culture conditions never acquires the dark- 
brown colour, which Thaxter observed when growing it for 
a longer time in very moist air. 


V. 


The material forwarded by Professor Martin from Jova City 
(U.S. A.) included besides Chondromyces crocałus yet another species 
of this genus from Chiriqui Province, Panama, collected there on 
a fungus (Daedalea?) in 1935 (fig. 12). In shape and colour it 
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resembles Ch. aurantiacus. Its cysts are red-orange in colour but 
it differs from Ch. aurantiacus in so far as it usually turns into 
light-brown. Its cysts are larger than in Ch. aurantiacus and 
similar to those of the formerly described Ch. medius (8). The 
latter had moreover this peculiarity that its cysts were not set 
immediately on cystophores but on pedicles of equal lenght with 
the cysts. In this it somewhat resembled Ch. pediculatus, but on 
the other hand it deviated considerably from the type of Ch 
pediculatus in never forming cysts with flattened tips but always 
rounded ones like Ch. aurantiacus. But the similarity between 
Ch. medius and Ch. aurantiacus covers neither the size nor the 
colouring of cysts. The cysts of Ch. medius are always larger 
than in Ch. aurantiacus (fig. 13), their red-orange colour turns 
into light-brown, which is never the case with Ch. aurantiacus. 
Whereas the sizes of Ch. aurantiacus are 30— 10 X 30—50 u 
(Thaxter) those of Ch. medius are 32—92 X 31—78 u or 
26—93 X 24—76 u, and it is just this Chondromyces medius that 
the Chondromyces from Panama resembles most closely. 
Chondromyces of Panama bears cysts 35—94 X 28—87 m in 
size (326 measurings) and similarly to Ch. medius mostly iso- 
diametrical though not spherical ones. They are mostly flattened 
at the base, sometimes narrowing and elongated. Among cystoph- 
ores with many cysts there occur cystophores tipped with one 
cyst larger by several times than the cystophore itself but mostly 
keeping within the sizes of normal cysts (fig. 11, pl. 1). This Chondro- 
myces outsown on rabbit manure began forming fruiting bodies 
within 9 days. Its young rod-clusters were half transparent and 
nearly colourless. Vegetative rods were 46—92 X 0:6—1'0 u in 
size, encystated ones 3:4—48 X 0'7—1'2 u. All this points to 
show that Chondromyces of Panama is indeed the same as the 
Ch. medius which we had already twice isolated on soil.— But 
the Ch. medius remaining in culture for several years turns out 
to have its cysts not always set on pedicles so that its different- 
lating features become reduced to the size of its cysts and their 
colouring. Its cysts are always larger than those of Ch. auran- 
tiacus and their orange-red colour is considerably lighter than in 
Ch. brunneus, but darker than in Ch. cylindricus or Ch: auran- 


tiacus, turning with time into light-brown but never becoming 
chestnut-brown. 
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There remain only a few remarks ‚concerning Chondromyces 
‘minor (1). In shape, colour and size of cysts this organism 
corresponds exactly to Podangium (Chondromyces) gracilipes, 
the only difference being that on the tips of cystophores it 
produces not one but several cysts, the cystophores themselves 
being larger, sometimes even branching, others again looking as 
if they consisted of several thinner cystophores pressed to one 
another (fig. 23, pl. 1). The latter would seem to form a transition from 
Podangium (Chondromyces) gracilipes to Ch. minor, and would 
shed some light on the origin of this species. As Podangium 
(Chondromyces) gracilipes has been up till now described exclusiv- 
ely as possessing single cystophores tipped with one cyst, it 
would be most appropriate to recognize Ch. minor as its composite 
form of rare. occurence and cross it off the list of species. It 
cannot stay within the genus Chondromyces since its thicker 
cystophores bearing more cysts, sometimes look as if they were 
the result of several smaller cystophores growing beside each 
other. 


M 


We have recorded the changes introduced in course of time 
within the genus Chondromyces. Its species have been allocated 
to three families and the genus thus narrowed down was divided 
into three new genera. One of them however, Melittangium, is 
considered superfluous and included in the genus Podangium to 

which likewise Chondromyces minor is transferred as a form of 
| Podangium gracilipes. 

Furthermore we have described Synangium which has only 
been isolated in culture for the third time, and simultaneously 
its three species have been united into one—Synangium ia: ri 
(Kofler) Jahn. 

Next we proceeded to describe Chondromyces crocatus grown 
on material imported from Columbia. Here, like in Synangium, we 
found cells of the same type as in Sorangium. Then we demons- 
trated Ch. aurantiacus found in Pieniny together with another 
grown by us on material of different origin. It is the first 
undoubted occurrence of this species in Europe. A comparison of 
this species with Ch. aurantiacus var. frutescens has shown: that 
the latter deviates too much from type to remain: further as its* 
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variant. It was therefore eliminated as a separate species — Ch. 
brunneus. Thus the genus Chondromyces would include at present 
the following species: 1. Ch. crocatus (B. and C.); 2. Ch. auran- 
tiacus (B. and C.) Th.; 3. Ch. pediculatus Th.; 4 Ch. apiculatus 
Th.; 5. Ch. catenulatus Th.; 6. Ch. cylindricus H. et S. Krzem.; 
1. Ch. medius H. et S. Krzem.; 8. Ch. brunneus H. etS. Krzem. 

Among the mentioned 8 species there are two (Ch. pediculatus 
and Ch. catenulatus), that had not been met with since Thaxter's 
description. One other species cited by Quehl (Ch. apiculatus), 
is—judging by its drawing—so different from the one drawn by 
Thaxter that is requires a closer investigation. 

If we leave aside those three species, the particularity of each 
of the remaining five is justified by the ultimately different 
colours, shape and average sizes of their cysts. Ch. crocałus and 
Ch. cylindricus differ from the others by the shape of their cysts, 
while Ch. crocatus and Ch. brunneus stand apart from others by 
their colouring. The cystophore—stem—may also to a certain ex- 
tent be a specific feature, for although all species of the genus 
Chondromyces possess single cystophores and even sometimes with 
but one cyst like Podangium, yet the cystophores of Ch. crocalus 
are mostly branched. This is the feature by which it is differ- 
entiated from others whose cystophores occur both singly and 
separately and also in more or less numerous aggregations. But 
perhaps the most essential difference between Ch. crocatus and 
other species of this genus is that its cells are differently shaped, 
even, cylindrical with bluntly rounded or sometimes even slightly 
broadened ends, while in others they usually are more or less 
narrowing towards the ends. Similar cells as in Ch. crocatus we 
have seen in Synangium. They are moreover characteristic of 
the genus Sorangium, some species of Polyangium and are even 
met with in Archangium. It is a very important characteristic 
and should not be omitted in a future classification of the 
Myxobacteria. 
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Explation of plate 1 


1. Synangium lanuginosum (Kofler) Jahn, X 40. 
2. T » X 82. 
3: Ve à vegetative cells, X 1000. 
4. Chondromyces crocatus with germinating cysts, X 84. 
5. Synangium lapuginosum, cells with cysts, X 1000. 
6. Chondromyces crocatus, X 16. 
fh Ad ni. GySteu SB, 
8. + »  » vegetative cells, X 1000. 
9. Chondromyces brunneus, X 42. 
10. b » cysts, X 42. 
11. d medius, X 42. 
12. b | x42 
13, » Eu. x 42. 
14. H ‚ aurantiacus, X 42. 
15. i ae eus: 
16. j 4 cysts, X 42. 
LT. b » vegetative cells, X 1000. 
18. T , cylindricus; X 42. 
19. » aurantiacus, X 42. 
20. 5 aurantiacus, cells of cysts X 1000. 
PAR G cylindricus, X 30. 
22. cylindricus, cysts, X 42. 


” 
23. Podangium gracilipes, X 42. 
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Szósty przyczynek statystyczny do geografii florystycznej. 
Sixième contribution statistique à la géographie floristique. 


Note 


de M. D. SZYMKIEWICZ m. c. 


présentée le 14 janvier 1946 


La flore des iles acóaniques prósente beaucoup de faits inte- 
ressants qui ont des rapports étroits avec la formation des 
espèces. 

Ainsi il est frappant que beaucoup de genres non endémiques 
sont représentés dans les îles exclusivement par les espèces spé- 
ciales. Par exemple, l'ile de St. Hélène avait dans sa flore indi- 
gène sur 38 genres des Angiospermes 17 qui n'étaient pas endé- 
. miques mais représentés exclusivement par les espèces endémiques. 
De même les îles Juan Fernandez en ont 34 sur un total de 83, 
Rodriguez — 24 sur 131, Galapagos — 45 sur 204, Hawaii — 96 
sur 230, Tahiti — 45 sur 248. Il en est de même dans la Nouvelle 
Zélande qui n'appartient pas pourtant aux îles océaniques pro- 
prement dites. Il s’agit visiblemnet ici d’un phénomène d’une portée 
plus générale. 

Les genres en question non seulement ne sont pas cantonnés 
dans les îles considérées, mais — à quelques exceptions près — 
ny ont pas de centres de distribution. Visiblement ces genres 
ne se sont pas formés dans ces îles et sont des immigrants. Cette 
immigration a dû commencer par l’arrivée des espèces étrangères 
qui ont ensuite produit d’autres espèces, celles-ci endémiques. 
Or, on ne voit plus ces premiers arrivants. Ont-ils disparu ou 
bien se sont-ils transformés en espèces nouvelles? La lutte pour 
l'espace vital étant dans les iles faible à cause de la pauvreté de 
la vie, surtout au début du peuplement, c'est plutót la seconde 
éventualité qui se soit produite. Mais pourquoi aucune espéce im- 
migrée ne s'est conservée? 
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Le deuxieme fait qu’on peut rapporter ici, c’est la petite super- 
ficie qui correspond dans les iles & une espéce endémique, d’autant- 
plus petite que les iles sont plus petites. La table ci-jointe pré. 
sente ce fait d’une facon tres claire. La Nouvelle Zélande y est 
citée comme terme de comparaison. La production des nouvelles 
espèces est visiblement favorisée par l'isolement. 


thes. noxbkos La superficie 


pe dz ja | d'espèces pour une 
| endémiques PG Yo espèce 
| endémique 
Nouvelle Zélande . 270900 1061 | 255 
Hawaii 17300 521 | 33 
Galapagos 7400 205 36 
Canaries 7167 371 19 
Maurice 1100 172 6:4 
Juan Fernandez 180 113 1:6 
St. Hólene 113 34 3:8 
Rodriguez 80 33 24 


Je présenterai enfin les faits relatifs aux différences entre les 
groupes des Angiospermes dans la productions des nouvelles 
espéces: les Gamopétales sont les plus actives, les Monocotyledones 
les plus faibles. Ainsi dans les iles Hawaii on a sur 324 espéces 
de Gamopétales 294 espèces endémiques (91 ie, sur 257 d’Archi- 
chlamydes 203 endémiques (79 °/,) et sur 123 de Monocotyledones 
74 (60%). De méme on a pour Galapagos les nombres correspon- 
dants: 82/175 = 47 */,, 99/228 = 43 °/, et 20/85 = 24°/,. Pour Juan 
Fernandez: 45/54 = 83 */,, 38/54 = 70, et 13/37 = 35 %. Enfin 
pour Tahiti: 50/96 — 52*/,, 69/211 — 33%, et 35/105 = 3304. La 
méme tendance se manifeste dans les grandes iles: en Nouvelle 
Zélande on a 492/581 = 85 °/,, 388/509 = 76 °/, et 182/366 = 50 *f,: 
à Madagascar: 1623/1818 = 89 9/,, 2571/2924 = 88 °/, et 1283/1539 
= 83°/,. Ces faits s'expliquent par le différent âge des groupes 
d’Angiospermes: les Gamopétales sont les plus récentes et par 
suite les plus actives, les Monocotyledones — les plus agées et 
par suite les plus faibles. 
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phytogéographiques. 1. Flores arctiques. 


Mémoire 
de M. D. SZYMKIEWICZ m. c. 


présentée le 14 janvier 1946. 


En m'appuyant sur les principes, exposés dans les parties I, 
II et IV de mes »Contributions à la géographie des plantes« et 
dans la »Cinquiéme contribution statistique à la géographie flori- 
stique«, je commence cette série d’apercus des flores par celles 
de l'Arctique. 

La végétation arctique est nettement définie, au point de vue 
écologique, par l'absence d'arbres due à l'action des vents glacials 
(voyez les parties IV et XX de mes »Études climatologiques«). 
Ce qui est moins net, c'est sa délimitation géographique vis-à-vis 
des terrains forestiers et, par suite, la composition de sa flore. 

Pour ce qui est de la délimitation géographique, j'ai déjà 
attiré l'attention sur ce fait que là limite arctique des arbres a un 
parcours extrémement accidenté, on peut dire »en guirlande«. La 
carte de la presqu’ile de Kola de Petrelius que j'ai reproduite 
dans la partie XX de mes »Études climatologiques« donne une 
idée trés nette de cette particularité dans la distribution de la 
végétation à l'exróme Nord de l'hémisphére boréale. On y voit 
des langues des foréts qui s'avancent vers la mer à travers la 
toundra par les vallées où elles sont protégées contre les vents. 
-Ces langues s'arrêtent prés du bord de la mer où les atteignent 
les vents du large (voyez la carte ci-jointe) En général, les arbres 
apparaissent partout dans la toundra oü un abri quelconque les 
protége des vents. Par suite, il est difficile de caractériser exacte- 
.ment les flores arctiques. Il s'y trouvent toujours des éléments 
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la presqu'île de Kola), 2) les îles arctiques de l'Europe (Spitsberg, 
Pile de l'Ours, Novaia Zemla et Vaïgatch) d'après Tolmatchev,. 


me auteur, 


4) la Terre des Tchouktches d’apres Kurtz, Hryniewiecki,. 


3) la partie orientale du Taimyr central d’ 


le mé 


H 


apres 
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Janczewski et Namysłowski, 5) les iles Aléoutes avec 
les iles du Commandeur d'aprós Hultón et Fedtchenko, 
6) l’archipel arctique américain d’après Simmons et 7) le Groen- 
land d’après Ostenfeld. Je comparerai ces flores entre elles 
et à quatre flores situées plus au Sud, à savoir: 1) l'Europe du 
SW représentée par l'Espagne et la France d'aprés Blas La- 
zaro y Ibiza, Bonnier et Layens, 2) la Chine centrale et 
sudoccidentale avec la Mandchourie d'aprés Diels, Handel- 
Mazzetti et Kitagawa, 3) l'Amérique du Nord pacifique, 
représentée par la Californie et le Washington d'aprés Jepson 
et Piper et 4) l'Amérique du Nord atlantique, délimitée par les ` 
états de New Hampshire, Wisconsin, Illinois, Kentucky, Tennesee 
et Mississipi à l'exclusion de la Floride d'aprés Britton, Brown 
et Small. Je prends encore comme terme de comparaison la 
flore des pays Magellaniques, situés en Amérique au Sud de la 
parallele 52° S (voyez la partie II de ces études). 

Je vais suivre la table I des genres des Angiospermes des 
flores arctiques, en indiquant les nombres d'espéces pour chaque 
‘genre et pour chaque flore. Ces nombres sont disposés dans le 
méme ordre que les flores dans l’énumération citée plus haut. 
J'y joins les signes e, c, p, a, f pour indiquer la présence des 
genres dans les flores de comparaison. Le genre Zostera est 
omis. Les genres cosmopolites sont marqués par le signe o. Aprés 
le nom de chaque genre je donne le nombre total de ses espéces. 

Je donne ensuite, dans la table II, les nombres de genres non 
cosmopolites, communs à chaque paire de douze flores considérées. 
Le nombre de genres pour la Chine, difficile à déterminer, est 
omis. La flore de la Chine étant plus riche que toutes les autres 
flores dont il est question ici, ce nombre n’entre pas dans les 
caleuls des indices d'affinité, car ces indices, pour les raisons 
exposées dans ma »Cinquième contribution«, sont définis comme 
les rapports du nombre des genres communs à celui de genres 
de la flore plus pauvre. La table III donne en centiémes les valeurs 
de l'indice d'affinité sous la forme inventée par Czekanowski. 

La derniére table démontre que les flores arctiques sont dérivées 
des flores plus riches, situées plus au Sud. Le climat rigoureux 
a produit une sélection des formes plus résistantes, peu nom- 
breuses, qui ont pénétré dans les terrains dévastés par les glaciers 
quaternaires, en produisant d'ailleurs quelques genres spécifiques. 
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Les genres des flores 


Potamogetonaceae. 


| Potamogeton 90 
Ruppia 4 


Juncaginaceae 
Triglochin 12 


Liliaceae 


Allium 325 
Fritillaria 50 
Gagea 30 
Lloydia 8 
Majanthemum 1 
Paris 12 
Streptopus 5 
Tofieldia 15 
Trillium 15 
Veratrum 10 


Iridaceae 
Iris 200 


Juncaceae 


Juncus 225 
Luzula 65 


Gramineae 


Agropyrum 45 
Agrostis) 125 
Alopecurus 25 
Anthoxantum 14 
Arctagrostis 4 
Atropis 30 
Bromus 70 
Calamagrostis 200 
Catabrosa 1 
Cinna 2 
Colpodium?) 12 
Deschampsia?) 20 
Dupontia 2 
Elymus 50 
Festuca 100 
Hierochloé 13 
Hordeum 20 
Koeleria 25 
Melica 40 
Molinia 1 
Nardus 1 


1) Incl. Podagrostis. 
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Phalaris 10 
Phippsia 3 
Phleum 10 
Pleuropogon 3 
Poa 150 
Trisetum 55 


Cyperaceae 
Carex 800 
Cobresia 1) 30 
Eriophorum 15 
Heleocharis 90 


Orchidaceae 
Corallorhiza 15 
Cypripedium 30 
Gymnadenia 20 
Limnorchis 20 
Listera 20 
Microstylis 100 
Orchis 70 
Piperia 9 
Platanthera 2) 80 
Spiranthes 50 


Sparganiaceae 
Sparganium 18 


Salicaceae 
Populus 20 
Salix 160 
Betulaceae 
Alnus 17 
Betula 40 
Urticaceae 
Urtica 30 


Polygonaceae 


Koenigia 1 
Oxyria 2 
Polygonum 275 
Rumex 100 


Portulacaceae 
Claytonia 24 
Montia 5 
Chenopodiaceae 
Atriplex 180 


1) Incl. Elyna. 
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2) Incl. Coeloglossum. 
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Caryophyllaceae 


Alsıne 60 
Arenaria 100 
Cerastium 100 
Dianthus 250 
Honckenya 1 
Lychnis 10 
Melandryum 60 
Merckia 1 
Moehringia 20 
Sagina 20 
Silene 320 
Stellaria 100 
Viscaria 5 


Callitrichaceae 
Callitriche 25 , 


Nymphaeaceae 
Nuphar 7 


Ranunculaceae 


Aconitum 110 
Actaea 2 
Anemone 120 
Caltha 20 
Coptis 10 
Delphinium 150 
Oxygraphis 5 
Paeonia 15 
Pulsatilla 20 
Ranunculus 300 
Thalictrum 80 
Trollius 10 


Papaveraceae 


Corydalis 140 
Dicentra 15 
Papaver 100 


Cruciferae 


Alyssum 120 
Aphragmus 6 
Arabis 220 
Barbaraea 10 
Braya 10 
Cardamine 100 
Cheiranthus 20 
Cochlearia 30 
Descurainia 20 
Draba 150 
Erysimum 80 
Eutrema 4 
Lesquerella 20 


D. Szymkiewicz:: 


21 51 341 018 
ll Dłoni c= 
31 61-91 21 4 
1| 1|—]| 1|— 
LE Ui 11 1 
EE L cest T 
3! 31,941.21 | 
Aa PS cat a 
1|—|-|-| 1 
4| 2} 1] 2) 4 
LESE 14.241 1 
$1 54 3] 61 7 
| pal 798 CRUS, NES 
2| I en 01-3 
db: zd 
+ HB JI 2 
BER * PA 
1|—|-|3|-2 
11 pA ERU l 
—|—i—|—11 
[ —+| 11-2991 1 
—|—|-|1|1 
LP BRZ 2 
8114110! 9/11 
LI 41-9931 
CSS 1 
—|-|-| 1| 1 
BI E HB 
—| 1|3]| 1| 1 
EE SE PERTE 
EI EE Eur 
1] 2] 11 21 3 
1|-|-|-| 1 
"OM UMP mE 
1] 2| 21 3] 4 
LA: Pose Eg] BEN 
0] 20 04.31 1 
AM A ONT 3] .— 
4|13|14| 6| 7 
Acz f° OSB FEE PEŁ 
1| 1) 1| 1|— 


rcin.org.pl 


romrtol {tol eel waw 


wm ws | FES Lee 


Lt ét EL ET 


ll 


| 


© oo © ® o 


oocoo|o|ooooc 
ssoe»elleeee»» 
rowie a LS 


6606600 |/102000 
dowe | [mms 


c 
e 
e 


| 

e 
Sd 
© © 


|loeoooeoe|oe 
o eo o oo" oo CG 
Laag | lo le 
plesellel ee 


| 
z 


al Mau eed ede 


Li TET E TET TI 


Etudes phytogéographiques. I. 59 


Nasturtium 50 
Parrya 10 
Schivereckia 2 
Subularia 2 
Turritis 5 
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Crassulaceae 
Sedum 150 
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Saaijragaceae 


Chrysosplenium 50 
Heuchera 25 
Leptarrhena 1 : 
Mitella 10 
Parnassia 25 
Ribes 60 
Saxifraga 325 
Tellima 7 
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Rosaceae 


Alchemilla 75 
Aruneus 5 
Cotoneaster 50 
Dryas 2 
Filipendula. 10 
Fragaria 10 
Geum 40 
Potentilla 300 
Rosa 150 
Rubus 250 
Sanguisorba 30 
Sibbaldia 8 
Sorbus 20 
Spiraea 
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Papilionaceae 


Astragalus 1600 
Hedysarum 100 
Lathyrus 100 
Lupinus 150 
Oxytropis 150 
Trifolium 290 
Vicia 150 
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Geraniaceae 
Geranium 300 2| 1|—| 1| 1|—|—jecpa f 


Linaceae 
Linum 100 —|-|-—-|-|-| 1|-| e c p a — 


Droseraceae 


Drosera 90 2|-1-|-11/-—1—lec p a — 


60 


Violaceae 
Viola 250 


Empetraceae 
Empetrum 2 


Thymelaeaceae 
Daphne 40 


Halorrhagaceae 
Myriophyllum 40 


Hippuridaceae 
Hippuris 3 


Onagraceae 


Circaea 9 
Epilobium 1) 160 


Cornaceae 
Cornus 60 


Umbelliferae 


Angelica?) 70 
Anthriseus 10 
Cnidium 20 
Coelopleurum 6 
Conioselinum 7 
Heracleum 70 
Ligusticum 55 
Osmorrhiza 15 
Selinum 15 


Pirolaceae 
Pirola 15 


Ericaceae 


Andromeda 6 
Arcterica 1 
Arctostaphylos 3) 30 
Bryanthus 1 
Calluna 1 
Cassiope 7 
Gaulteria 120 
Kalmia 6 

Ledum 6 
Loiseleuria 1 
Phyllodoce 10 
Rhododendron 250 
Vaccinium #) 120 
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1) Incl. Chamaenerium, 


2) Incl. Archangelica. 
3) Incl. Arctous. 


4) Incl. Oxycoccos. 
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Diapensiaceae 
Diapensia 4 


Plumbaginaceae 
Armeria 60 


Primulaceae 


Androsace 80 
Cortusa 2 
Dodecatheon 30 
Lysimachia 120 
Primula 250 
Trientalis 3 


Gentianaceae 
Gentiana 400 
Menyanthes 1 
Pleurogyne 7 
Sweertia 90 


Hydrophyllaceae 
Romantzoffia 4 


Polemoniaceae 


Phlox 60 
Polemonium 30 


Borragaceae 
Eritrichium 50 
Mertensia 30 
Myosotis 35 
Plagiobotrys 15 


Labiatae 


Brunella 5 
Galeopsis 7 
Scutellaria 200 
Thymus 50 
Mentha 25 


Lentibulariaceae 


Pinguicula 30 
Utricularia 200 


Scrophulariaceae 


Alectorolophus 10 
Bartschia 30 
Castilleia 30 
Euphrasia 100 
Lagotis 10 
Limosella 7 
Melampyrum 35 
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Mimulus 80 


Pedicularis 275 


Veronica 100 
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Orobanchaceae 


Boschniakia 1 


Plantaginacea 
Plantago 200 


Adoxaceae 
Adoxa 1 


Caprifoliaceae 


Linnaea 20 
Lonicera 100 
Sambucus 20 


Rubiaceae 
Galium 250 


Valerianaceae 


Valeriana 200 


Campanulaceae 


Campanula 300 


Compositae 


Achillea 100 
Anaphalis 50- 
-Antennaria 75 
Arnica 50 
Artemisia 300 
Aster 400 
Cacalia 40 
Chrysanthemu 
Cirsium 200 
Crepis 250 
Erigeron 200 


Gnaphalium 130 


Hieracium 200 
Ligularia 40 
Matricaria 50 
Mulgedium 20 
Petasites 15 
Picris 40 


Prenanthes 30 


Saussurea 150 
Senecio 1400 
Solidago 90 
Taraxacum 25 
Tussilago 1 
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TABLE II. 


Genres communs non cosmopolites 


Jalle lēja] llela]: 
EE EE RE en bc) Ea LIBER Ae Kee 
Mourman . "EE us 14|42|72| 83/52 | 64 |106! 99| 84| 87| 28 
Iles d'Europe . . . 90151|73| 7057158 | 74! 18| 68| 64| 23 
Taimyr .. © 225 55 | 49 | 49| 45 | 38| 43| 45| 41| 38] 16 
T. Tchouktches . 99| 80154 155| 78] 82| 80| 73| 29 
Aléoutes 1 31.4 24 8 132| 51 | 63 | 961105|112/108| 27 
Archip Amer... 63 | 50 | 47) 49) 51) 47) 21 
Groenland : : 78| 62| 63| 57| 60| 20 
SW Europee 2 1.7 105/2121168/159, 39 
Chine a WER E . 11881237| 35 
N Ame Dae DW. a Wo. 637|288| 45 
N Amer. atl. RUNE 643| 38 

TRES 141 


| Magellanie 


1e b b 


TABLE III 


Indices d’affinit& en centiémes 


, 


ki | 
ś|8|e|E|=|<|o|E|e|a|a|3 
Monmnan ©. P 2.7. 82 | 76 | 73 | 70 "IM 90 "P 74 | 24 
Iles d'Europe . . , 82| | 93) 81178| 90/74] 82 | 87 | 16 | 71] 26 
Taimyr . . . « « « « . . |76|98| |89!76/82169|78| 82/75 | 60} 29 
T. Tehouktches . . . . . |73|81189| |81|86|71|79|83 |81|74|22 
Aléoutes . . . . . . . . |70/78/76/81| |81|81|79|80|85|82|20 
Archip. Amer. + + ee. | 83] 90} 82} 86/ 81 19 | 75 | 78 | 81 | 75 | 33 
Grenland". ea E 82 | 74 69 | 71 81 | 79 T9 | 81 78 | 77 26 
ŚW Europe 12: „ - 190 82 | 78 79 | 73 | 75 | 19 39 | 26 25 | 28 
CRAN a 84|87|82|83|80|78]81|39| | 30/37] 23 
Ne 20.1. 71/76 | 75| 81) 85 |81|73|26|30| | 45] 32| 
Name... A zn 60 74|82 |75|77|25|37|45| |» 
Magellanie . . . . . . . . 29 39 x | 
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On constate ensuite que les flores arctiques sont trés sem- 
blables. La table IV donne les moyennes des indices. d’affinité 
de chaque flore arctique par rapport aux autres avec la moyenne 
générale de 0:79. 


TABLE IV 
MGRMMAD „|. „sth, 2 0:78 
es d'Europe .). 5... 2. 0:78 
Haar. Loo EIL e, 0:81 
Terre des Tchouktches . . | 0:80 . 
Misontes „|: We. 0:78 
Archipel Américain. . . . . 0:83 
Groenland `, (eer ES E 27 0:76 


La comparaison des flores arctiques avec les flores principales 
dont elles dérivent met en évidence ce fait interessant que leur 
parenté vis-a-vis ces derniéres flores est presque égale a leur 
parenté entre elles. La table V donne, pour cette comparaison, 
les moyennes des indices d’affinité avec les flores arctiques pour 
chaque flore principale. 

La moyenne générale est de 0:78, presque égale à la valeur 
correspondante pour l’affinité entre les flores arctiques. Ce fait 


TABLE V 
SW Europe ..... św M rr Ee 
Chmel $7. obits EES e c 0:82 
IN‘ Amer, mec D KUER "e s 0:77 
N Ane, (tl. a, pice IS A 0:73 


est d'autant plus intéressant que les flores principales en question 
sont très dissemblables: la moyenne des indices d’affinité pour 
elles n’est que 0:34. 

Il faut encore noter la faible parenté entre Me flores arctiques 
et la flore de Terres Magellaniques malgré la similitude des con- 
ditions climatiques pendant la saison de végétation. 
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Le caractére dérivé des flores arctiques, établi plus haut, se 
manifeste en proportion relativement élevée des genres cosmo- 
polites et dans le petit nombre des genres spécifiques. 

La proportion des genres cosmopolites dans les flores arcti- 
ques est la suivante: Mourman 31?/, Iles d'Europe 29, Taimyr 
33, Terre des Tchouktches 24, Aléoutes 27, Archipel Américain 
31, Groenland 33. On a en méme temps pour les flores princi- 
pales: Europe de SW 21%), Chine Centrale 25, Amérique du Nord 
pacifique 22 et atlantique 26. 

Passons maintenant aux genres caractéristiques de l'Arctique. 
Il n’y en a que quelques-uns qu’on puisse qualifier comme tels. 

Il n’y a que Dupontia, une Graminée, dont les deux espèces 
ne dépassent pas les limites de l’Arctique, 

Une autre Graminée Pleuropogon, un genre monotypique, s'é- 
tend jusqu'à la Californie. C'est plutôt un élément pacifique nord- 
american. 

Il en est de méme avec Merckia (Caryophyllaceae) dont l'unique. 
espece habite les rivages de la mer de Behring, en s’étendant 
jusqu’a la Colombie Britannique. 

Un fait curieux présente Hippuris qui, outre l’espece cosmo- 
polite H. vulgaris, posséde dans les régions arctiques encore deux. 
L'une d'elles s'étend au Nord du Washington et vers l'Est jusqu'à 
Selkirks. | 

Difficile a qualifier est le genre monotypique Bryanthus (Eri- 
caceae), limité aux îles du Commandeur, au Kamtchatka et aux 
rivages de la mer d’Okhotsk. 

Au contraire, on peut tenir Dryas comme arctique, car ce 
genre présente dans l'Arctique plus de variabilité que dans les 
montagnes des pays tempérés. 

Il faut encore considérer les trois genres: Arctagrostis, Arcte- 
rica et Phippsia. Le premier est constitué de 4 espèces (voyez le 
volume II de la »Flore de l'URSS«): outre l'espéce circumpolaire 
A. latifolia qui s’etend sur toute la Sibérie orientale, il contient 
encore trois autres dans ce dernier pays. C’est donc plutôt un 
genre oriasiatique quarctique. Pour ce qui est du genre mono- 
typique Arcterica (Ericaceae), son aire sótend des îles du Com- 
mandeur par le Kamtchatka et Vezo jusqu’au Nippon. Il est donc 
également plutöt oriasiatique. Enfin la Graminée Phippsia a une 
distribution tout a fait singuliére. On ne connaissait d’abord que 
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Vespéce circumarctique Ph. algida Brown. Mais ensuite on 
a décrit encore une espèce des Andes de l’Argentine et enfin 
une troisiéme dans le domaine Indo-Malais! 

‘Pour préciser les caracteres généraux des flores arctiques, il 
faut naturellement examiner l’aspect géographique des genres 
dont elles sont constitués. Je ne tiendrai compte pour cela que 
de 113 genres qui se rencontrent au moins dans les quatre flores. 
Je donne leur liste dans la table VI. Elle contient les indications 
sur leur caractére géographique, en tant que ce caractére pou- 
vait être déterminé. Le signe M marque les genres méditerra- 
néens, MO — les genres de caractére indécis, méditerranéens et 
oriasiatiques a la fois, O — les genres oriasiatiques, P — paci- 
fiques nordaméricains, A — andins (pacifiques sudaméricains).. 

Le caractère géographique des genres a été déterminé autant 
que possible par la méthode exposée dans la partie IV de mes 
»Contributions à la géographie des plantes« (voyez aussi mon 
article a ce sujet dans la »Chronica Botanica« de 1938). Dans 
plusieurs cas cependant (comme pour Stellaria, Gnaphalium) il 
fallait, faute de données, s’appuyer simplement sur le nombre 
d'espèces. Le genre Saxifraga est qualifié d'oriasiatique et non 
européen, comme il a été considéré dans les »Contributions« 
citées et c'est pour les raisons suivantes. Les limites de ce genre 
doivent ötre élargies de facon à englober les genres Bergenia, 

D 


TABLE VI. 

Lloydia Poa M | Silene 
Tofieldia Trisetum O | Stellaria 
Veratrum Carex Callitriche 
Juncus O | Cobresia Anemone 
Luzula Eriophorum Caltha 

| Agropyrum O | Platanthera Ranunculus 
Agrostis O | Salix O | Thalictrum 
Alopecurus O | Betula O | Trollius 
Arctagrostis O | Koenigia M | Papaver 
Atropis O | Oxyria M | Arabis 
Pleuropogon O | Polygonum O | Braya 
Calamagrostis Rumex A | Cardamine 
Colpodium P| Montia M | Cochlearia 
Deschampsia M| Alsine A | Draba 
Elymus M| Cerastium M | Erysimum 
Festuca Honckenya O | Eutrema 
Hierochloé Melandryum MO| Parrya 
Phleum . | Sagina Sedum 
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Chrysosplenium P| Arctostaphylos Veronica 
Parnassia O | Cassiope M | Plantago 
Saxifraga Ledum O | Linnaea 
Dryas Loiseleuria M | Galium 
Geum P| Phyllodoce A | Valeriana 
Potentilla O | Rhododendron. M | Campanula 
Rubus Vaccinium P | Antennaria 
Sibbaldia O | Diapensia P | Arnica 
Astragalus M | Armeria M | Artemisia 
Hedysarum O | Androsace © M | Chrysanthemum 
Oxytropis O | Primula P | Erigeron 
Geranium Trientalis A | Gnaphalium 
Viola O | Gentiana Hieracium 
Empetrum P| Polemonium | M | Matricaria ` 
Epilobium P| Mertensia Petasites - 
Cornus Pinguicula O | Saussurea 
Angelica P| Castilleja Senecio 
Ligusticum ` Euphrasia Solidago 
Pirola O | Lagotis M | Taraxacum 
Andromeda O | Pedicularis 


Aceriphyllum et Peltiphyllum, car ces derniers trois genres ne se 
distinguent de Saxifraga que par les details de la structure ana- 
‘tomique. Or, les deux premiers d’entre eux sont propres a l’Asie 
"Orientale, le troisième à la Californie et au Japon. 

Il s'ensuit de la table VI que dans les flores arctiques les 
‘genres oriasiatiques sont les plus nombreux. On a en effet: 
O —34, M —18, MO —2, P —11, A— 5. En second lieu viennent 
les genres méditerranéens, en troisiéme — pacifiques nordaméri- 
-eains. Aucun genre ne provient de l'Amérique atlantique. Ceci 
¿concorde bien avec les indices d’affinite. On a trouvé en effet 
(voyez la table V) la plus forte parenté des flores arctiques avec 
la Chine (indice 0:82), un peu plus faible par rapport à l'Europe 
de SW (0:79), encore plus faible pour l'Amérique du Nord paci- 
fique (0°77) et la plus faible pour l'atlantique (0:73). 

Les causes de cet état des choses sont naturellement de na- 
ture géologique. Les flores arctiques se sont formées aprés le 
recul des glaciers quaternaires. Or, la glaciation de l'Asie orien- 
tale était la plus faible. 

Apres toutes ces considérations générales, il faut encore s'occuper 
‚des flores arctiques particuliéres. Malgré leur similitude, elles ne 
manquent pas des caractères propres. Telle est p. ex. la présence 
-exclusive des certains genres pacifiques américains dans les Aléoü- 
tes (Heuchera, Leptarrhena, Mitella, Tellima, Romantzoffia), Yab- 
:sence des Papilionacées en Groenland. 
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La flore de Groenland se distingue en general par son man- 
que d'originalité et la proportion de genres cosmopolites y est. 
la plus élevée. Ceci est en rapport avec sa position dans la partie 
atlantique de l'Amérique du Nord, qui se distingue des autres 
domaines floristiques par sa faible originalité. En revanche la 
flore de Groenland a le coéfficient spécifique le plus élevé (voyez 
la table VII). En méme temps la flore de Groenland présente la 


plus faible parenté avec les autres flores arctiques, comme on 
le voit dans la table IV. 


TABLE VII 

| Nombres | Nombres | Coéfficient | 

d'especes | de genres. | spócifique | 
BER s oll. 361 172 2:18 
lesa Eungpb'uicul.. 308 126 - 2:44 
Tothyr SES: e 191 82 2:33 
ID. des Tchouktches . . . . . 295 130 . 2:27 
Aléontes "SZARM 2... 430 182 2:36 
Archip. Amor, ACE, NS x d 196 91 2:15 
Groenland ZIEM. . 311 120 2°59 


La flore la plus riche se trouve dans les Aléoutes, ce qui 


est sans doute en rapport avec sa position entre les deux conti- 
nents. 
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Ogólna charakterystyka geobotaniczna Gór Czywczyń- 
skich. — Caractéristique géobotanique générale des Monts 
de Czywezyn. 

Mémoire 
de M. B. PAWLOWSKI, 
présenté le 11 Juin 1945 par M. W. Szafer m. t. 


(Planche 2—5). 


I. Terrain 
1. Topographie 

Les Monts de Czy wezyn!) forment un secteur de ła 
chaine principale des Carpathes Orientales. L’axe NW—SE de ce 
secteur compte environ 40 km; sa distance du bord NE des 
 Carpathes près de Kołomyja est d'environ 70 km. Deux sommets 
culminants: Ozywezyn et Hnitesa atteignent l’altitude de 1769 m. 
Les Monts de Czywezyn sont entourés sur trois côtés par des 
chaînes beaucoup plus hautes; au nord-ouest c’est la Czarnohora 
(2058 m), à l’ouest les Monts de Polana (Göry Polanskie, 1961 m) 
et les Monts de Bardo (Góry Bardowskie, 1854 m), au sud les 
Monts de Trojaga (Góry Trojadzkie, 1939 m), à l'arriére desquels 
s’eleve la chaîne imposante des Monts de Rodna (Gory Rodniań- 
skie, 2305 m), la plus élevée de toutes les Carpathes Nord- 
Orientales. La fig. 1 donne une idée approximative de la situation 
des montagnes en question. 

La chaîne de Czywczyn appartient toute entière au bassin 
du Danube. Les eaux de son versant NE, dit pocutique, s’&coulent 
vers les deux Czeremosz, le Czarny (Noir) et le Bialy (Blanc), 
les eaux du versant SW, dit marmarossien, vers les fleuves Riu 
Vaser et Ruscova, affluents de la Cisa. 


1) Prononciation de quelques noms géographiques: Czywczyn = Tchyf- 
tchyne; Czarnohora = Tcharnohhora; Czarny Czeremosz = Tcharny Tche- 
remoche; Trojaga = Troiaga; Bieszczady = Biyechtchady. 
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L’arrosement du terrain est abondant, ce qui favorise la forma- 
tion de marécages, souvent bien étendus, partout où l’on rencontre 
des couches imperméables près de la surface du sol. Les sources les 
plus élevées jaillissent peu au-dessous des crêtes et des sommets. 


l- Gory lz ywczynskie 3- Gory Jara ow; Are 
(2-liarnohora Xel- Gory Kelemerishit L-Gory 
Ludowe Lap- Gory daposkie F- Gory Tolari shi 
Jar-Jaran gu Sket~Retexrat Rod- Sory Hodavan- 


PAPA Pouk- 
Duna, $ 


Fig. 1. Situation géographique des Monts de Ozywezyn. Karpaty — Carpa- 

thes; Zachodnie — Occidentales; Pólnocno-wschodnie — Nord-Orientales; 

Poludniowo-wschodnie — Sud-Orientales; Dunaj — Danube; Wisla — Vi- 

stule; Góry — Monts; Czywczyńskie — de Czywezyn; Bardowskie — de 

Bardo; Kelemenskie — de Kelemen; Ludowe — de Ludowa; Laposkie — 
de Lapos; Rodniańskie — de Rodna; Trojadzkie — de Trojaga. 
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2. Structure géologique 


En opposition avec les chaines situées plus au nord et au 
nord-ouest et faisant partie dans leur ensemble de la zone du 
flysch, les Monts de Czywezyn appartiennent a deux zones dif- 
férentes: celle du flysch et celle des schistes cristallins (v. Carte I). 
La partie septentrionale de ces monts est formée par des grés 
et schistes du flysch d’age crétacé inférieur. Une autre masse 
de flysch, consistant surtout en des »conglomérats de Suligul« 
d’äge crétacé supérieur, forme la créte de Pirie — Palenica — 
Hnitesa — Chitanka. Elle est séparée de la premiére par des 
schistes cristallins paléozoiques. Ces derniers ont une étendue 
beaucoup plus grande sur le versant sud des Monts de Czywczyn. 

Au milieu de ces formations apparaissent cà et là sous forme 
d'ilots flottants des calcaires et des roches éruptives (téchénites) 
d’age à la plupart triassique. Ce sont des rochers abrupts, atteignants 
souvent la hauteur des plusieurs dizaines de metres (Pl. 4, fig. 2). 

Les calcaires sont recouverts d'une végétation riche et inté- 
ressante, tandis que sur toutes les autres catégories du sous-sol 
la végétation est beauconp plus pauvre el plus monotone. Un 
nombre restreint d'espéces calcicoles apparait cependant aussi sur 
les rochers de téchénites et de conglomérats, p. ex. Dianthus 
carthusianorum var. carpaticus, Festuca amethystina var. marma- 
rossica, Ranunculus Hornschuchii, Veronica fruticans. Cela s'ex- 
plique par la teneur assez élevée en CaO dans les téchénites 
(2:15—18:85*, — Tokarski 150) et par la présence de petits 
fragments de calcaire et de dolomite parmi les composants des 
conglomérats du Suligul (Pazdro ap. Tokarski 150) 


3. Division 


La chaine de Czywezyn peut étre divisée en trois secteurs. 
Le secteur septentrional se compose uniquement de grès 
et de schistes du flysch. Il présente des formes morphologiques 
a sommets très peu accusés, à l'exception de son point culmi- 
want: le Stoh (1653 m). Ce secteur diffère des deux secteurs 
suivants et se rattache plutôt aux Monts de Ludowa (Göry Lu- 
dowe), situés sur la rive droite du Czarny Czeremosz. 

Le secteur central, outre le flysch (grès, schistes et 
<onglomérats) et les schistes cristallins comprend aussi des ilöts 
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calcaires et téchénitiques. Les sommets de ce secteur se deta- 
chent bien plus nettement en formant des pyramides a pentes: 
souvent escarpées et parsemées de rochers. Le Czywczyn lui- 
même (1769 m — PL 2, fig. 1.) en est le point culminant; 
quatre autres sommets dépassent considérablement la courbe de 
niveau de 1600 m. ; 

Le secteur méridional se distingue des autres surtout 
par sa morphologie. C’est un large massif s’élévant bien au- 
dessus de 1700 m avec des cimes à peine marquées dont la plus- 
haute — Hnitesa — atteint 1769 m (v. Pl. 3, fig. 1). 


4. Traces des glaciations quaternaires 
Certaines formes du terrain, notamment quelques cirques dans 
les hautes montagnes de notre chaîne, ont été interprétées par les 
géographes comme étant d’origine glaciaire. En ce qui concerne les 
détails les opinions des géographes se montrent bien divergeantes. 


5. Climat 


Il n'y a guère de stations metéorologiques dans les Monts de 
Czywczyn proprement dits. Pour donner au lecteur une idée ap- 
proximative du climat général de la région, nous lui présentons 
ici quelques observations enrégistrées par deux stations situées 
au pied de notre chaîne et par quelques autres un peu plus 
éloignées. Des données plus détaillées se trouvent dans le texte- 
polonais de ce travail. 


a) Temperature 
TABLEAU I. 


£ g| Temperature |Maxi-! Mini- pis 
; f E moyenne en °C |mum| mum Période 
Bassin du Station =: d’observa- 
& à |Jan-|Juil-| an- |absoludela| ` Hot 
vier | let | née [temperature 


| 
Jaremcze . | 525 | —5"(| 17:3] 6:6 | 35:7 | —30:4| 1983—38 


ufa 
Prut Jabłonica. | ? |—59| 149| 50 | 31 |—98 |1934—38 
Worochta. | 752 | —69| 14-4] 42 | 33-4) —346 1933—36(38) 


Szybeny . | 855 [ss 144 | 48 


Czarny 


Czeremosz 314 | —329|198435—38 


Zakopane 


EE in | (Tatra) 1886—1916 


840 me ka 4:6 | ości —31:5 
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b) Précipitations atmosphériques 
; TABLEAU II. 


Précipitations en | „ z 5 
Ba mm BoE eu i 
Bassin du | Station |S f g mois £a ai d 
3 Mi plis s à E ? observation 
< sec | août | année zę E 
XII 
Worochta. | 752 34 185 | 1022 | 112 1930-37 
Prut 
II 
Ardżeludża |ca. 840?| 48 222 | 1395 | 143 1930—38 | 
Szyb es | so | 176 | 939 | 114 | 1980-88; 
Czarny ca no ? | 35—38 . 
Czeremosz 


1 
Burkut. . |ca.900| 44 163 | 1072 | 124 1931—38 


D’apres ces données, le climat de notre contrée ne semble 
pas présenter de différences remarquables avec les autres régions 
analogues des Carpathes septentrionales. I] se pourrait que la vallée 
du Czeremosz soit un peu plus chaude et moins humide que celle 
du Prut. Le nombre des observations est cependant trop restreint 
pour pouvoir en tirer une conclusion décisive. 

c) Régime des vents. D’apres M. A. Srodon (145) la créte 
principale Howerla — Hnitesa est exposée aux vents prédomi- 
nants de l’ouest. Aux altitudes inférieures on voit prédominer 
les vents réfléchis par la créte en direction des vallées latérales. 
Sur le versant pocutique ce seront donc des vents du sud-ouest 
et sur le versant marmarossien ceux du nord-est. 


II. Caractère général et disposition verticale de la végétation 


La plus grande partie de la chaîne de Czywczyn est couverte 
d'une masse compacte de forêts, surtout de forêts composées ex- 
clusivement d’épicéa, en seconde ligne de forêts de hêtre. Plus 
haut, dans le secteur méridional, on rencontre des buissons de 
pin nain, dans les deux autres secteurs de vastes alpages dits 
»poloniny«. Sur ce fond assez monotone se détachent nettement 
des ilöts d’une riche végétation calcicole, des marécages naturels 
à végétation luxuriante et çà et là de petites tourbières à sphaig- 
nes. Les autres groupements végétaux ne jouent qu'un rôle bien 
restreint dans le paysage de notre montagne. e 
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1. Les foréts 


Comme la base des Monts de Ozywezyn dépasse de beaucoup 
la limite supérieure de l'étage submontain, nous n'y rencontrons 
que deux étages de forêts: celui du Fagetum et celui du Piceetum. 
La ligne qui sépare l'un de l'autre ne présente pas, comme c’est 
la régle ailleurs, une ligne sinueuse, oscillant autour d'une courbe 
de niveau bien définie, mais elle se recourbe et s'abaisse rapi- 
dement vers les fonds de vallées des deux Czeremosz et du Riu 
Vaser. Dans les parties supérieures de ces vallées, il n'y a donc 
qu'un seul étage de forêts, celui du Piceetum, s'étendant depuis 
le talweg, en bas, jusqu'à la limite de la forét, en haut. D'aprés 
Zapalowiez (116) ce fait est dà au climat rigoureux et à la 
briéveté de la période de végétation dans ces parages. L’étage 
du Fagetum est beaucoup mieux développé sur le versant sud- 
ouest de nos monts que sur le versant nord-est, il s'y éléve 
à une plus grande altitude, atteignant à peu-prés la courbe de 
1400 m (v. fig. 2). 

D'aprés M. A. Srodon (145) la limite supérieure naturelle de 
la forét atteint en moyenne — dans la partie septentrionale et 
centrale — l'altitude de 1580 m (maximum 1610 m), dans la 
partie méridionale, plus massive, en moyenne 1620—1630 m 
(maximum 1680 m). Elle a été cependant artificiellement abaissée 
sur de vastes étendues. Quelques sommets, s'écartant de la cróte 
principale vers le nord-est, dépassent d'ailleurs la limite naturelle 
de la forét, malgré leur altitude peu élevée | (1570—1580 m: 
»phénoméne des sommets«). 


2. L'étage du Mughetum carpaticum 


Cet étage n’est représenté d’une fagon typique que dans la 
partie méridionale des Monts de Czywczyn, depuis la Hnitesa 
jusqu'au Pirie, où son association climatique finale, le Mughetum 
(= Pinetum mughi) carpaticum recouvre des surfaces étendues. 
Dans toute la partie centrale et septentrionale, le pin nain (Pinus 
„montana ssp. mughus) fait complètement défaut, pour ne réap- 
paraître qu'au Bardo. Ce phénomène doit probablement avoir 
plusieurs causes: 

1) Les formes biologiques (»oecotypes«) capables d’envahir les 
rochers calcaires et éruptifs semblent manquer dans la population 
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du pin nain des Carpathes Nord-Orientales. Au contraire, le pin 


nain des Carpathes Occidentales et Sud-Orientales se trouve en 
grande abondance sur les rochers calcaires. 
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Fig. 2. Schóma des étages de la végétation des Monts de Czywczyn. P — ver- 

sant pocutique; M — versant marmarossien; a — a et b— b les talwegs 

1— étage du Fagetum, 2— étage du Piceetum, 3 — étage du Mughetum, 
4 — etage alpin. 
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2) Au temps de l’optimum climatique postglaciaire les foréts 
occupaient toute la partie supérieure de nos monts a l’exception 
des rochers, des marécages et des culminations de Czywezyn et 
de la Hnitesa. A cette époque le pin nain pouvait survivre au 
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sein de la partie méridionale, y trouvant plusieurs refuges (crête 
de la Hnitesa, formée de conglomérats, tourbières à sphaignes — 
Pl. 4, fig. 1) et, surtout dans son voisinage immédiat, sur la 
chaîne élevée Crecela - Trojaga. A partir de ces refuges, il a pu, 
après un nouveau rabaissement de la limite des forêts, gagner 
tout le territoire qu'il recouvre à présent. Dans la partie septen- 
trionale de tels refuges n’existaient pas, le sommet de Czy wozyn, 
lui-méme, étant défavorable au pin nain à cause du substratum 
calcaire et téchénitique. L'immigration subséquente de ce pin 
était rendue difficile par la distance considérable des refuges et 
par le caractere morphologique de la partie centrale des Monts 
de Czywczyn dont les sommets étaient isolés les uns des autres. 

3) Malgré ces obstacles, le pin nain se serait sans doute in- 
stallé aussi dans la région centrale de la chaine, au fur et 
à mesure que se formait une couche de terreau, suffisamment ` 
épaisse. Le fait de sa compléte absence dans ces parages est 
décidément due à l'intervention de l’homme. 


3. L’étage alpin 
Cet étage n'apparaît que par fragments sur les deux cimes 
les plus élevées: Czywezyn et Hnitesa (1769 m), profitant des 
conditions locales. Même la cime de Bardo (1854 m) ne possède 
que des fragments d'associations alpines. L’étage alpin dans sa 
plénitude se manifeste sur la Trojaga (1939 m). 


MI. Caraetéristique générale de la flore 


1. Données numériques 


La flore des Monts de Czywezyn compte environ 620 espéces 
de plantes vasculaires. Parmi ces plantes il y a environ 70 espé- 
ces et 6 races alpines dont le centre principal de répartition se 
trouve dans l'étage alpin et celui du pin nain, ot dans l'étage 
-alpin seul, p. ex.: Juncus trifidus; env. 80 espéces et env. 10 races 
subalpines avec centre dans l'étage du Mugethum ou dans cet 
étage et les parties supérieures de l'étage du Piceetwm — p. ex. 
Festuca Porcii; 47 espéces et 2 races des bas étages des mon- 
tagnes avec centre dans les étages des foréts, p. ex. Dentaria 
.glandulosa, Moehringia muscosa, Hieracium rotundatum (transsil- 
vanicum); enfin, 16 espèces et quelques races montagnardes dont. 
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le centre de rópartition verticale n'est pas nettement dófini, p. 
ex. Saxifraga aizoon. Ces quatres groupes (v. listes détaillées 
dans le texte polonais), qu’on peut considérer dans leur ensemble 
comme espéces montagnardes (Walas 155), constituent plus d’un 
tiers de toute la flore czywczynienne. Les deux autres tiers sont 
des plantes appartenant a la flore des plaines. 

Environ les */, des plantes montagnardes appartiennent aux 
especes arcto-alpines (p. ex. Arabis alpina) ou altaico-alpines (p. 
ex. Gagea Liottardii), tandis que les espéces médio-européennes 
(p. ex. Geum montanum) — les éndemiques carpathiques incluses — 
constituent les 3/, du total. 


2. Especes détachées de leurs aires principales 


La flore montagnarde de notre chaine contient quelques espé- 
ces dont les localités czywczyniennes sont éloignées de plusieurs 
dizaines de kilométres de leurs localités les plus proches dans 
les Carpathes: Carex rupestris, Gagea Liottardii, Poa glauca 
(= caesia), P. hybrida, Thlaspi Kovatsü. Les quatre premières 
espèces ne sont connues que dans peu de-localités dans les Car- 
pathes. Les aires du Conioselinum tataricum, Cortusa Matthioli, 
Erigeron alpinus, Festuca amethystina var. marmarossica et pl. au. 
sont beaucoup moins discontinues. 

Parmi les plantes des plaines il nous faut mentionner quel- 
ques espèces de l'étage du Z'agetwm qu'on a rencontré bien au- 
dessus de cet étage à une altitude de 1400 jusqu'à 1660 m: 
Anemone ranunculoides, Corydalis solida, Ficaria verna, Symphytum 
tuberosum, Scilla bifolia (probablement une variété spéciale). 

Ce qui est plus intéressant, c'est un groupe de plantes dont 
les stations les plus proches sont éloignées des Monts de Czyw- 
czyn de 17 a 80 km (Carex Buxbaumii ssp. subulata, C. lasio- 
carpa, C. vesicaria, Epipactis palustris, Gentiana pneumonanthe, 
Iris sibirica, Menyanthes trifoliata, Valeriana simplicifolia) et des 
plantes de hautes tourbières (Andromeda polifouia, Carex limosa, 
C. pauciflora, Oxycoccos microcarpus, O. quadripetalus). 

Carex pediformis et Trifolium lupinaster, deux plantes trou- 
vées dans nos monts sur les rochers calcaires, isolées en un seul 
endroit, sont séparées de leurs localités les plus proches d’une 
distance de 100 à 200 km. 
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La plupart des espéces énumerées ci-dessus sont des plantes: 
boréales. Quelques-unes s’avancent bien au-dela du cercle polaire. 
L’absence complete de plantes thermophiles est d’ailleurs un des 
traits caractéristiques de toute la flore des Monts de Czywezyn, 


3. Flore calcicole 


La flore czywczynienne compte environ 80 espèces caleicoles, 
dont 24 sont des calcicoles exclusives, p. ex. Anthyllis vulneraria 
ssp. alpestris, Arabis Hornungiana, Calamintha alpina ssp. Baum- 
gartenii, Campanula carpatica, Erysimum hungaricum, Melandrium 
Zawadzkii, Minuartia oxypetala, Saxifraga corymbosa ssp. luteo- 
viridis etc. Les autres sont des calcicoles préférantes, p. ex.: Coto- 
neaster integerrima, Festuca carpatica, Ranunculus Hornschuchii 
etc. (v. les listes détaillées dans le texte polonais). 

La présence d’une riche flore calcicole est un des traits 
caractéristiques de notre chaine de montagne, qui la distingue 
de la Czarnohora. Chaque ilot calcaire un peu plus grand posséde 
certaines espéces de plantes ne se trouvant pas aux autres ilots,. 
ou certains groupes d’espéces trés rares et présente par consé- 
quent une individualité distincte. 


IV. Position géobotanique des Monts de Czywezyn dans la chaîne 
des Carpathes 


A. Caractère carpathique général de la végétation 
et de la flore 


L’appartenance des Monts de Czywczyn à l’ensemble des 
Carpathes se manifeste par leur communauté des traits suivants 
de la végétation et de la flore: 5 

1. Diffórenciation verticale des étages du Fagetum, du Picee- 
tum, du Mughetum et de l'étage alpin avec abondance de Juncus 
trifidus et Festuca supina. Une alternance semblable a lieu dans 
les Sudetes, les Alpes Orientales et une grande partie de la Pó- 
ninsule Balkanique. Dans les Carpathes elle se manifeste d'une 
maniere particulierement typique. 

2. Présence d’especes endémiques et subendémiques de l’en- 
semble des Carpathes. Dans les Monts de Czywezyn il y a 4 
espéces endémiques de cette catégorie: Campanula carpatica, 
Festuca carpatica, Hesperis nivea (Javorka 56, Balazs 1), Thy- 
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mus pulcherrimus ainsi que plusieurs races, p. ex. Arabis arenosa ssp. 
Borbasii, Centaurea phrygia ssp. melanocalathia, ? Sweertia perennis 
ssp. alpestris (Balazs 1). Les espéces subendémiques sont au 
nombre de 8: Aconitum moldavicum, Alectorolophus alpinus, Cam- 
panula polymorpha, Centaurea mollis, Dentaria glandulosa, Festuca 
versicolor, Leucanthemum rotundifolium et Symphytum cordatum. 
L’Zuphrasia minima ssp. Tatrae peut servir d’éxemple des races 
subendémiques. 

3, Présence d’espéces n’étant pas endémiques mais qui se 
prétent a distinguer les Carpathes soit des Alpes soit des mon- 
tagnes balkaniques. Ce sont des plantes carpatho-balkaniques qu'on 
ne rencontre guére ou rarement dans les Alpes; Avena pla- 
niculmis, Gentiana praecox, Linum extraaxillare, Salix silesiaca, 
Trollius europaeus ssp. transsilvanicus et aussi d'autres plantes, 
communes aux Alpes et aux Carpathes, mais rares dans la Pénin- 
sule Balkanique ou ne sy trouvant pas du tout: Athyrium al- 
pestre, Conioselinum tataricnm, Euphrasia picta, Hieracium alpi- 
num, Pediculuris Hacquetii, Pinguicula alpina, Poa remota. 

4, Associations végétales carpathiques: Mughetum carpaticum, 
Fagetum carpaticum, associations de l'alliance Caricion. curvulae, 
se ressemblant dans toutes les parties des Carpathes et toute 
l'alliance Calamagrostidion villosae, dont le centre de répartition 
se trouve précisément dans les Carpathes. 


B. Traits caractéristiques des Carpathes Orientales 
dans la flore et la végétation czywczynienne 


Le col de Dukla (502 m) divise les Carpathes du point de vue 
orographique ainsi que géobotanique en deux grands sous-secte- 
urs: occidental et oriental!) Leur différence se manifeste par: 

1) des endémiques spéciales au nombre de 15 espéces dans 
le secteur occidental et d’eriviron 80 dans l’oriental, sans compter 
les sous-espéces et variétés; 

2) des plantes non endémiques mais répandues dans les Car- 
pathes uniquement ou avec preferance dans les limites de l'un 


1) Quatre espéces oricarpathiques s'avancent jusqu'au voisinage immédiat 
de ce col, notamment Aconitum paniculatum (Piech 116), Aposeris foetida, 
Carex transsilvanica (Piech 116) et Scopolia carniolica. Aconitum manque 
complètement plus à l’ouest, les trois autres s'y trouvent seulement en de 
rares endroits isolés. 
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des deux sous-secteurs mentionnés; nous déterminons ces plantes 
comme »occi«- et »oricarpathiques«; 
3) des associations spéeiales occi- et oricarpathiques. | 
Nous examinerons maintenant de ce point de vue la flore et 
la végétation de la chaîne de Czywczyn. 


1. Endémiques oricarpathiques 


La flore czywezynienne compte 21 espèces et quelques races 
endémiques des Carpathes Orientales (v. tableau III). L'une d'entre 
elles (Erysimum hungaricum) n'est connue jusqu'à présent que 
dans les Monts de Czywezyn; deux autres (Minuartia oxypetala 
et Saussurea Porcii) se trouvent aussi bien dans cette montagne 
que dans quelques chaines avoisinantes; sept espéces (tabl. III 
esp. n? 4—10) et une sous-espéce (Rumex arifolius ssp. carpati- 
cus) appartiennent à la flore des Carpathes Nord-Orientales, le 
reste à celle des Carpathes Nord- et Sud-Orientales. 

Une partie des endémiques parait étre d'origine bien ancienne. 
C'est probablement le cas des espèces: Festuca Porcii (fig. 12), 
Heracleum carpaticum (fig. 11), Melandrium Zawadzkii (fig. 4), 
Minuartia oxypetala, Saxifraga corymbosa ssp. luteoviridis. La 
lacune qui les sépare de leurs proches parents sud-balkaniques 
a d'autant plus d'importance, quelle comprend plusieurs chaînes 
de montagnes à différents parcours. Une pareille configuration 
du terrain qui les sépare rend bien difficile la dissémination de 
ces plantes à travers d'aussi grandes distances, mais d'autre part, 
elle semble favorable à la conservation des stations et des for- . 
mes intermédiaires. Celles-ci font cependant complètement défaut. 

Ranunculus carpaticus, Heracleum palmatum (Pl. 5. fig. 2), 
Euphorbia carpatica (fig. 10), Achillea Schurii (fig. 5) et Chryso- 
splenium alpinum semblent être aussi séparées de leurs formes 
les plus proches par une ancienne disjonction. La situation de 
quelques autres endémiques est moins nette à cet égard. La 
grande distance entre les aires de répartition de Saussurea Porcii 
et S. serrata (fig. 3) est plus facile a franchir puisqu'elle ne par- 
courit que des plaines. 

Les formes les plus N de plusieures endémiques (p. e. 
Silene dubia, Melampyrum saxosum, Delphinium elatum var. pu- 
bicaule etc.) se rencontrent dans les Carpathes proprement dites, 
souvent a peu de distance des Monts de Ozywezyn. 


rcin.org.pl 


| 18. 


16. 


portent a d’autres especes voisines. 


TABLEAU III 


Endémiques carpathiques orientales de la flore des Monts de Czywezyn. 


Espece 


1. Erysimum hungaricum Zap. 


. Minuartia oxypetala (W ol.) 
Kulez. 


. Saussurea Porcii Deg. 

. Centaurea carpatica Porc. 

. Euphorbia carpatica Wol. 

. Festuca Porcii Hack. 

. Heracleum carpatícum Porc. 


. Melandrium Zawadzkü 
(Herb.) A. Br. 


Melampyrum saxosum Bmg. 

> Eé 
Pulmonaria Filarszkyana 
Jav. 


10. 


Rumex arifolius All. ssp. car- 
paticus (Zap.) Pawł. 


11. Achillea Schurii F. Schultz 


12. Carduus transsilvanicus 


Kern. (= €. Kerneri Simk.) : 


13. Chrysosplenium alpinumSchur. 


14. Den carpaticun (Gris. 
et 


ch.) Nym. 5) 
Heracleum palmatum Bmg. 


Phyteuma spiciforme Roch. 
(= Ph. Vagneri Kern.) 


17. Phyteuma tetramerum Schur 


18. 
19. 
20. 
21. 


Ranunculus carpaticus Herb. 
Silene dubia Herb. 

Thlaspi dacicum Heuft. 
Viola declinata W. K. 


Aconitum moldavicum Hacq. 
ssp. Hosteanum (Schur) 

—? Leontodon hispidus L. ssp. 
repens (Schur) Jáv. 
Saxifraga corymbosa : Boiss.) 
ssp. luteoviridis (Sch. N. K.) 


Carex sempervirens Vill. ssp. 
pseudotristis (Dom.) Pawł. 
(exclusa var. bulgarica Dom.) 
Delphinium elatum L.var. pu- 
bicaule Borb. 

Primula elatior (L.) Hill. var. 
carpatica Gris. et Sch. 


Répartition dans les Carpathes Orientales!) 


Espèces ayant le plus d'affinitós (les 
chifres se 1apportent à la bibliographie) 


: D. Columnae Ten.: 


alele A | rép. ver- 
R S E en général | eale 
En = — 3—4 
E 
—|+ + | Bucovine occ. (3)4 - 
+++ - 8—4 
— |+|--| Negrowiee; Swid.- pp 
| Kelemen; Rareu | 
+ |+|—| Biesz-Czyw; Gutin | 2—3(4) 
| 
+4 |+ + | CzH-Rod; Rareu; 3—4 
| Bucegi? 
+ Z CzH-Rod; Rareu 4 (5) 

— |+| ++, Czyw -Ocsem ?) (3)4 
+|-+|-+ Biesz-Ceahläu | (2)3—4 | 
| | 
+|+1|-+| Biesz-Bucovine (2)3— 4(5) 

| | 
+ |+| €. Biesz-Kelemen (2)3—4(5) 
+ | + p | Świd-Retezat 4—5 
TER , (2)3—4 (5) 
+|+|+ Swid-Fägäras | (8)4—5 
+/+|+ | Swid-Parängu®) ((2)8—4 (5) 
_|+]-+L) Swid.-Monts Sze- (2)3—5 
| menik 

++ | Biesz-Monts Tarcul 2-5 
+|+ |+| Gorgany-Fägäras 2—3(4) 
4 + l ” ” (2) 3-5 | 
+ | +|+| Biesz-Retezat (2)3—4 (5) 
—|-+-|+-! Swid-Retezat; Ban.? | 4—5 | 
+ | + |+| Gorgany-Retezat 3) 2—5 | 
+|+| +| Swid-Banates De 
+ +/+ €CZH-Fügáras *) 3—4 
— |+| +| Czyw-Fägäras; (8) 4—5 

| Piatra Cetii | 
+ --|--| Biesz-Retezat | 4—5 
— |+| +| Mts. de Polana; (2) 3—4 

, Czyw.-Retezat 
+++) Swid. — ? 2 ?-—4 (5) 

AE 


E. Wahlenbergii (Asch. et Engl) Borb. 
(Tatra); E. pieninicum (Zap. Pawl. 
(Pieniny); Æ. virgatum Rth. (Alpes); 
E. hieraciifolium L. (Eurasie) (110a). 


| M. attica (Boiss. et Spr.) Pawl.: Grèce, 


Thess., Crete; M. idaea (Hal.) Pawl.: 
Crete, Thessal. (110). 

S. serrata DC.: v. fig. 3. (9, 28, 66, 70, 
81, 108, 132, 159). 

Peut-être seulement une race du C. phry- 
gia L. s.l.: Eur. centr. et or. (47, 124). 


E. austriaca Kern, v. fig. 10 (49, 117, 164, | 


165, 166, 167). * 
F. angustifolia Kraj. pro subsp.: v. fig. 
12 (78). 


| H. Orphanidis Boiss. :v. fig. 11 (114, p.250). | 
| M. auriculatum (S. S. Rohrb., M. lanu- 


ginosum (Bert.) Rohrb. etc. (v. fig. 4); 
autres especes appar.: Asie centr. et or., 
Amer. bor. (115). 

M. silraticum L. — espèce euro-siberienne 
(139). 


| P. rubra Schott: Carp. Or., Pen. Balk. | 


(42, 54). 


type: montagnes euro-sibériennes (180, 181). 


A. oryloba(DC.) F. Schultz, A. Barrelieri | 


(Ten.) F. Sch, A. mucronulata (Bert.) 
Fo sche w he. 5 (49,125) 


C. carduelis (L.) Kern. et aff.: Alpes Or., | 


Pen. Balkan. 


5 | Ch. oppositifolium L.: Eur. occ. (102). 


Alpes Or. — Asie 
Mineure (6 a). 


| PH. lunatum Mchx. (Amer. bor. — 49); 


? H. pyrenaicum Lam.: Pyrén.; ? H. 
Pollinianum Bert.: Alpes Or., Pen. Balk. 
Ph. Halteri All.: Pyrénées — Serbie (133). 


Seul représent. de la série monotype: III. 
Tetramera R. Schulz (sect. Spicata [DO.] 
Schulz: Europe, surtout centr. — 193). 


Espéces du Caucase (114). 
S. nutans L.: Eurasie. 
? Espèces d'Europe centrale. 


Espèces du groupe Luteae Bckr. (1b): | 
Eur. oce., centr. et mórid.; 1 esp. en | 


Asie centr. 


type: Carpathes Or. et Occ.; Pologne mer.; 


Matra (1, 3b, 37). 
type: Europe; Perse bor. (11, 56). 


type: Bulgarie mér.-occ.: Asie Min.: sub- 
sect. Mediae Engl. et Irm. de la sect. 
Kabschia Engl.: Pyrénées — Chine (30). 

type: mont. de VEur, centr.; var. bulga- 
rice Dom.: Bulgarie (27). 


type: Eur. centr. et bor., Sibérie (18, 104, 


180). e 

type: Eur, surtout centr.; autres races 
(ou bien esp. voisines): Ural — Caucas. 
Sibér. (24, 49). 


r 1) Abréviations: Biesz = Bieszczady; Cz H = Czarnohora; Czyw = Monts de Czywezyn; Rod = Monts de Rodna; 
Swid = Swidowiec; — 1 = étage submontain, 2 = étage montagnard inférieur (du Fagetum), 3 = ét. mont. supérieur (du 
Piceetum), 4 = étage du Mughetum, 5 = étage alpin. : 
2) Cette espéce à été indiquée par Hayek (48) de Bulgarie en vertu d'un exemplaire prétendu étre récolté par Stie- 
felhagen dans les Rhodopes sans indication précise de localité (inform. par lettre de M. N. Stojanow). Cette indication est 
cependant bien douteuse puisque jusqu'à présent personne — et surtout aucun botaniste bulgare — n’a trouv é la plante 
en question dans la chaîne mentionnée. Pour cette raison il nous paraît juste de traiter M. Zawadzkii comme endémique 
des Carpathes Orientales. 
8) D'aprés une communication verbale de M. J. Zablocki, toutes les indications de la Peninsule Balkanique se rap- 


4) D'après Jávorka (56) aussi en Croatie; cette plante n'est cependant pas indiquée en ce pays ni par Degen 
11), 12), ni par Hayek (48). ' 
5) D’après Cavillier (6a) aussi en Bulgarie, mais elle n'est pas citée dans les flores de Hayek (48), ni de Sto- 
janow et Stefanow (145 a). 
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Enfin, le Phyteuma tetramerum est assez isolé au point de 
vue dé la systématique, puisqu'il appartient à une série monotype. 


PADA 
SZA 
BRE AA | 


Fig. 3. Saussurea Porcii Deg (I) et Saussurea serrata DC. (II). Les traits 
espacés - - - - - - indiquent sur la carte principale la limite du district géo- 
botanique pocutico-marmarossien, sur la petite carte en bas l’aire de S. serrata. 


p 


2. Espéces oricarpathiques non endémiques 


La flore czywczynienne compte 39 espéces de ce groupe. 
Voici leur liste (entre parenthéses les espéces, possédant des rares 
stations isolées dans les Carpathes Occidentales): 

6* 
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Fig. 4 Melandrium Zawadzkii (Herb.) A. Br. Les traits espacés ------ indiquent la 

limite du district geobotanique pocutico - marmarossien. Petite carte en bas à gauche: 

I. Melandrium Zawadzkii (Herb.) A. Br.; II. M. auriculatum (S. et S.) Rohrb.; III. M. Eli- 
sabethae (Jan) Rohrb.; IV. M. Reguienż (DC.) Rohrb. 
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?1, Achillea tanacetifolia All, 23. Nigritella nigra (L.) Rchb. (la var. ` 
2. Aconitum paniculatum Lam, carpatica Zap. peut-étre endé- 
3. p tauricum Wulf. mique) 

4. Alnus viridis (Chaix) DC. 24. Orchis cordígera Fr. 
(5. Aposeris foetida [L.] Less.) 25. Poa hybrida Gaud. 


6. Armeria canescens Host (Wil- 26. Rhododendron Kotschyi Simk. 
czyński 157, Szafer 148a) 27. Saxifraga corymbosa Boiss. s. I. 


(7. Arnica montana L.) (la sous-esp. luteoviridis [Sch. 
?8. Avena adsurgens Schur N. K.] endémique) 
9. Campanula abietina Gris. et Sch. 28. Saxifraga stellaris L. 

10. Centaurea Kotschyana Heuff. 29. Scleranthus uncinatus Schur 
(fig. 6) (30. Scopolia carnolica Jeq.) 

11. Cirsium pauciflorum (W. K.) Spr. 31. Scorzonera rosea W. K, 

12. Crocus Heuffelianus Herbert (82. Sedum annuum L.) 

13. Dianthus barbatus L. ssp. com- 33. Senecio papposus (Rchb.) Less. 
pactus (W. K.) em. Cuf. 

14. Euphorbia carniolica Jacq. (34, Spiraea ulmifolia Scop.) 

15. Festuca apennina De Not. (35. Telekia speciosa [Schreb.] Bmg.) 

16. Gagea Liottardii R. et Sch. 36. Thlaspi Kovatsii Heuff. 

17. Helleborus purpurascens W. K. 37. Verbascum lanatum Schrad. ssp. 

(18. Hieracium rotundatum Kit.) Hinkei (Friv.) anc. 

19. Hypericum alpigenum Kit. 38. Veratrum album L. (excl. V. 

20. Laserpitium alpinum W. K. . Lobeliano Bernh.) 

21. Lathyrus laevigatus W. K. 39. Veronica Baumgartenii R. et Sch. 


22. Leontodon croceus Hnke. 

Varietées et sous-especes: Calamintha alpina (L.) Lam. ssp. Baumgar- 
tenii (Simk.) Borza, Festuca amethystina L. var. marmarossica Zap., F. sul- 
cata (Hack.) var. saxatilis (Schur) etc. 

Parmi les plantes énumerées ci-dessus 21 espéces et 2 races 
sont de répartition carpatho-balkanique (quelques-unes pénètrent 
jusque dans les Alpes Orientales, les Apennins, l’Asie Mineure 
et le Caucase); 14 sont de répartition médioeuropéenne (ci-incluses 
quelques especes méditerranéo-alpines ou alpino-boréo-européen- 
. nes); 2 — altaico-alpines; 2 — arcto-alpines. 


3. Associations spéciales oricarpathiques 
(v. Pawlowski et Walas 110 b) 


Lia prósence d'un nombre considórable de formes oricarpathi- 
ques donne a plusieurs groupements végétaux un caractère telle- 
ment particulier, qu’ils doivent être considérés comme associations 
oricarpathiques spéciales. Telles sont les: Saxifragetum luteoviridis 
des fentes rocheuses; Doroniceto - Cratoneuretum et Saxifrageto- 
Chrysosplenietum des sources fraîches; Poëto-Deschampsietum des 
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Fig. 5. Achillea Schurii F. Schultz, endémique commune aux Carpathes 

Nord- et Sud-Orientales. — Petite carte en haut: I. A. Schurii F. Sch.; 

II. A. oayloba (DC) P Sch.; III. A. Barreliert (Ten.) F. Sch.; IV. A. mu- 
cronulata (Bert.) F. Sch. 


prairies secondaires subalpines; Cörsieto-Heracleetum (megaphor- 
bie); Pulmonarieto-Alnetum (aulnaie naine). Les pelouses calcaires 
présentent un caractère si particulier qu'il faut les envisager 
comme une aliance à part: le Festucion marmarossicae. Par contre, 
le Piceetum oricarpaticum et le Calamagrostidetum pocuticum sont . 
très rapprochés des associations analogues dans les Carpathes 
Occidentales et ne sont peut-être que des variations géographi- 
ques des ces associations. 


C. Divisions géobotaniques des Carpathes Orientales 


La division géobotanique d’un territoire donné doit être basée 
à notre avis en première ligne sur la répartition des associations 
végétales et de leurs variétés, celles-ci étant la manifestation des 
relations floristiques aussi bien qu’écologiques. Cependant notre con- 
naissance des groupements végétaux dans les Carpathes Orientales 
est encore bien insuffisante sous ce rapport. Il nous paraît donc pré- 
férable de nous servir surtout d’especes caractéristiques pour ce sec- 
teur c. à d. d'espèces oricarpathiques endémiques et non endémiques. 

Aucune endémique oricarpathique n’atteint la limite entre les 
Carpathes Orientales et Occidentales c. à d. le col de Dukla. En- 
viron 60 km plus à l'est apparaissent: Zuphorbia carpatica Wol. 
et Melampyrum Herbichii Wol. Encore plus à l’est, le nombre 
d'endómiques augmente graduellement jusqu’au Negrowiec (8 es- 
póces), puis il s’élève rapidement pour atteindre 16 espèces dans 
la chaîne du Swidowiec. Ensuite on le voit osciller dans les 
chaînes avoisinantes entre ce dernier chiffre et 23 espèces dans 
les Monts de Rodna (v. fig. 7). 

Le nombre global des espèces oricarpathiques, endémiques et 
non endémiques, présente une progression analogue. Il s'accroît 
lentement jusqu'au Negrowiec (34 espéces) augmente rapidement 
au Swidowiec (56 espéces) et se maintient au-dessus de 50 dans 
les chaines avolsinantes (v. fig. 8). 

Il est done évident que la ligne qui sépare les chaines du 
Negrowiec et des Gorgany, du Swidowiec et de la Czarnohora 
présente une grande importance ati point de vue géobotanique. 
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C'est la limite de deux districts différents des Carpathes Orien- 
tales: celui des Bieszezady et Gorgany, autrement dit des Car- 
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Fig. 6. Centaurea Kotschyana Heuff. Espèce oricarpathique — balkanique. 


pathes Boisées, plus pauvre et du district pocutico-marmarossien, 
plus riche, qui embrasse les Monts de Czywezyn. 
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I. Le district des Carpathes Boisées (ou: des Bieszezady 


et Gorgany) eu 


Ce district se distingue surtout par l'absence d'endémi- 
ques proprement dites et par l'absence de plusieurs espéces 
qu'on trouve dans le district suivant. Cependant deux endémiques 
oricarpathiques: Zuphorbia carpatica Wol. — v. fig. 10 — et 
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Fig. 7. Nombre des espöces endémiques oricarpathiques. La limite des Car- 
pathes du cóté des plaines est marquée par une ligne pointillée (..... )s 
Melampyrum Herbichii Wot. semblent avoir ici leur centre prin- 
cipal de répartition. Deux autres: Syringa Josikaea Jeq. (endé- 
mique) et Viola dacica Borb. (non endémique) se trouvent aussi 
bien dans les Carpathes Boisées que dans les Monts de Bihor, 
mais font défaut dans le district pocutico-marmarossien. Le 
nombre global des endémiques oricarpathiques croissant dans les 
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limites des Carpathes Boisées s’éléve a 12 espèces; si l’on consi- 
dere chaque chaîne à part, il atteint au maximum 8 dans la 
chaine du Negrowiec. 
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Nous divisons ce district en sous-districts suivants: 
1. Le Vihorlat (1074 m) se distingue par labsence d'endé-. 
Iniques oricarpathiques; les espéces oricarpathiques y sont au nombre- 
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de 9, entre autres: Aconitum hebegynum (Gayer 31) Lathyrus 
laevigatus, Sedum annuum (Novak 96). 

2. Le sous-district des Bieszczady (1482 m) contient 
19 espéces (2 endémiques) oricarpathiques dans la région des sour- 
ces du San et 22 (6 endémiques) dans les Carpathes de Stryj. 
C’est ici qu’on trouve les Syringa Josikaea et Viola dacica. 

3. Le sous-district de la Borzawa (1679 m) se distin-- 
gue par la présence de: Cortusa Matthioli, Gentiana pyrenaica 
var. laciniata, Poa violacea, Trifolium badium et Veronica Baum- 
gartenii, Hypericum alpigenum et Rhododendron Kotschyi attei- 
gnent ici leur limite occidentale. Gentiana lutea et Linum extra- ` 
axillare appartiennent en commun au sous-districts 3 et 6. 

4. Le sous-district des Gorgany (1836 m) se distingue- 
surtout par des »mers de blocs« gréseux, dits »cekoty«, recou- 
vrant les crétes et les sommets. C’est un territoire pauvre au 
point de vue floristique. Il possède néanmoins: Juncus trifidus, 
J. triglumis, Luzula spadicea, Pulsatilla alpina ssp. alba et Vero- 
nica alpina. Quelques espèces atteignent ici leur limite occidentale, 
notamment: Leontodon croceus, Orchis cordigera, Phyteuma tetra- 
merum, Ranunculus carpaticus et Verbascum lanatum ssp. Hinkei. 

5. Les Monts de Klewa (1792 m). Flore et végétation 
pauvres et peu connues. 

6. Le sous-district de Negrowiec (1723 m) se distin- 
gue par la présence de: Alchemilla pyrenaica Lap. (= firma Bus.), 
Centaurea carpatica, Crocus Heuffelianus, Dianthus tenuifolius (2), 
Festuca amethystina var. marmarossica, F. carpatica, Gentiana 
Kochiana, Poa granitica et Sesleria Bieleii (Laska 87). 


II. District pocutico-marmarossien 


Cest un des centres principaux de la flore, de la végétation 
et de l’endémisme des Carpathes Orientales. Saussurea Porcii Deg.,. 
Minuartia oxypetala (Wol.) Kulez. et (probablement) Poa granitica 
Br.-Bl. ssp. disparilis Nyar. sont strictement cantonnées dans ce 
‘district, tandis que deux espéces sont localisées dans une région 
encore plus étroite: Erysimum hungaricum Zap. (Monts de Czyw- 
czyn) et Silene nivalis (Kit.) Rohrb. (Monts de Rodna). Le district 
en question est le centre de répartition de: Centaurea carpatica 
Porc., Festuca Porcii Hack. (fig. 12), Heracleum carpaticum Porc. 
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(fig. 11), Melampyrum saxosum Bmg. et — à un moindre degré — 
des: Pulmonaria Filarszkyana Jäv. et Rumex arifolius All. ssp. 
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Fig. 9. Districts géobotaniques des Carpathes Nord-Orientales. 
I. Carpathes Boisées, II. District pocutico-marmarossien (Ila — Monts 
des Lapos, IIb — Monts de Kelemen), III. District bistritso-moldavien, 
Illa son avant-pays flyscheux. — 1: limite des soussecteurs occi- et ori- 
carpathiques, 2: limites des districts, 3: territoires d'une position géobota- 
nique douteuse, 4: limite du secteur géobotanique des Carpathes. 


carpaticus (Zap. Pawl. Il se distingue en outre du district pré- 
eédent par la présence: | 

d'endémiques oricarpathiques: Achillea Schurii, Carduus trans- 
silvanicus, Chrysosplenium alpinum, Doronicum carpaticum, Hera- 


Caractéristique géobotanique des Monts de Czywezyn 93 


cleum palmatum, Melandrium Zawadzkü, Poa Rehmannii, Thlaspi 
dacicum, Leontodon hispidus ssp. repens, Saxifraga corymbosa ssp. 
luteoviridis, Delphinium elatum var. pubicaule; 

d’especes oricarpathiques non endémiques: Achillea lingulata, 
Avena adsurgens, Carex bicolor, C. curvula, C. vaginata, Loisele- 
uria procumbens, Nigritella nigra, Poa hybrida, Saxifraga stellaris, 
Veronica bellidioides; 


E. austriaca Kern. Les traits espacés - - - - indiquent la limite du district 
góobotanique pocutico-marmarossien. 


ainsi que d'autres espéces montagnardes: Aconitum anthora, 
Arabis neglecta, Archangelica officinalis, Aster alpinus, Campanula 
alpina, Carex capillaris, C. fuliginosa, C. rupestris, Cerastium tri- 
gynum, C. lanatum, Conioselinum tataricum, Crepis Jacquinii, 
Draba carinthiaca, Dryas octopetala, Erigeron alpinus, Festuca ver- 
sicolor, Helianthemum grandiflorum, Hieracium villosum, Leonto- 
podium alpinum, Luzula spicata, Oxyria digyna, Pinguicula alpina, 
Phieum Michelii, Primula minima, Ranunculus Hornschuchii, R. 
thora, Salix phylicifolia, S. retusa ssp. Kitaibeliana, Saxifraga 
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aizoides, S. androsacea, Sedum alpestre, Sesleria disticha, Trise- 
Zum alpestre, Veronica fruticans. 


‘traits espaces indiquent la limite du district géobotanique pocutico-mar- 
marossien. 


Dans la liste présentée ci-dessus manquent plusieurs espèces 
‘cantonnées seulement dans un ou deux sous-districts. 

Le Cariceto-Festucetum Porcii est une association endémique 
de ce district. Les Saxifragetum luteoviridis, Festucetum saxatilis, 
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Doroniceto-Cratoneuretum, Saxifrageto-Chrysosplenietum et Cir- 
sieto-Heracleetum ne dépassent probablement pas ses limites vers 
1 ouest. i 

Nous distinguons les sous-districts suivants (v. Carte II): 

1. Sous-district du Swidowiec (1883 m), caractérisé 
par: Astragalus australis (L.) Lam. ssp. Krajinae Dom. (endómi- 
que locale); — Antennaria carpatica; — Draba aizoides (sous- 
distr. 1. et 4.); Biscutella laevigata, Leontodon pseudotaraxaci, 
Plantago montana var. carpatica, Salix Jacquinii, Trifolium ba- 
dium (sous-distr. 1. et 5); — Narcissus angustifolius (sous-distr. 
1, 4. et 5.;) — Gentiana pyrenaica var. laciniata (sous-distr. l., 
2. et 4); — Euphorbia carpatica (sous-distr. 1., 2. et 3.) etc. 

2. Czarnohora (2058 m), caractérisée par: Poa Rehmannii 
(A. et Gr.) Racib. (sous-distr. 2. et 7. et distr. IIL); — Poa glauca 
ssp. Balfowrii; — Melampyrum Herbichii, Sesleria Heufleriana 
(Kozij 76), Sweertia punctata (sous-distr. 2. et 4.); — Carex La- 
chenalii, Doronicum Clusü, Erigeron atticus, Lloydia serotina, 
Loiseleuria procumbens, Saussurea alpina (sous-distr. 2. et 5.); — 
Aconitum Degenii, Archangelica officinalis, Carex bicolor, C. fuli- 
ginosa, C. rigida, Cerastium trigynum, Primula minima (sous- 
distr. 2., 4. et 5.); — Cerastium lanatum, Hedysarum obscurum, 
Primula longiflora. (sous-distr. 1., 2. et 5.) 

Ce sous-district peut être encore subdivisé en trois parties: 
a) le groupe de Howerla (2058 m) — Pop Iwan; b) le groupe 
‘du Pietros Czarnohorski (2020 m), où se trouvent: Achillea 
Schurii, Festuca amethystina var. marmarossica et l'association 
Cariceto- Festucetum Porcii avec Saussurea Porcii; c) la’ chaine 
Kukul- Kostrycz (1586 m). 

3. Les Monts de Czy wezyn (1769 m). Ce qui caractérise 
ce sous-distriet c'est la présence d'une riche végétation caleicole. 
Elle comprend une association végétale des fentes des rochers 
(Saxifragetum luteoviridis) et une autre des pelouses (Festucetum 
saxatilis). 

Erysimum hungaricum Zap. (pl. 5, fig. 1.) est une endémique 
locale; Minuartia oxypetala (Wol.) Kulcz. a son centre de répar- 
tition dans ce sous-district dont elle dépasse à peine les limites: 
Melandrium Zawadzkii et Saxifraga corymbosa ssp. luteoviridis 
atteignent ici leur limite septentrionale. Une trentaine d'espóces 
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czywczyniennes font defaut dans la Czarnohora. Gee sont — outre 
les quatre mentionnées plus haut: 

des calcicoles plus répandues: Anthyllis vulneraria ssp. alpe- 
stris, Arabis Hornungiana'), A. arenosa ssp. Borbasii, Calamintha 
alpina ssp. Baumgartenii, Campanula carpatica, Crepis Jacquinii, 
Conioselinum tataricum, Festuca sulcata var, saxatilis, Helianthe- 
mum obscurum ssp. grandiflorum, Hieracium villosum, Polygala 
amara ssp. brachyptera, Potentilla thuringiaca’), Ranunculus 
Hornschuchii, Thymus pulcherrimus, Trisetum alpestre, Veronica 
fruticans; 

des espèces non calcicoles: Heracleum palmatum, Thlaspi cfr. 
dacicum?), Sedum annuum; 

des especes trés rares: Carex pediformis?), Erigeron alpinus, 
Gagea Liottardü (Mądalski 93), Nigritella nigra var. carpatica *), 
Poa glauca Vahl (= P. Janczewskii Zap.), P. hybrida (Pawlowski 
107), Saussurea discolor?), Thlaspi Kovatsii (Pawlowski 149). 

D’autre part plusieurs especes des hautes montagnes, connues 
dans la Czarnohora, font défaut. dans les Monts de Czywczyn 
(Achillea lingulata, Alchemilla flabellata, A. pyrenaica, Carex cur- 
vula, C. fuliginosa, Gentiana Kochiana, G. lutea, G. pyrenaica, 
Juncus triglumis, Myosotis -alpestris, Pinus cembra, Salix herbacea, 
S. retusa ssp. Kitaibeliana, Saxifraga, bryoides, S. carpatica, S. 
hieraciifolia, Sesleria Bielzü, S. disticha etc.) — Carex rupestris 
se trouve dans l’une et dans l’autre de ces chaînes. 1 

Nous distinguons dans ce sous-district deux parties bien dif- 
ferenciees (v. Carte IT): 

a) Le groupe du Czywezyn (= secteur central des 
Monts de Czywczyn au sens purement géographique, v. pag. 13), 
dépourvu de pin nain; limite climatique des foréts: + 1580 m. 
Achillea Schurii, Campanula carpatica, Scilla bifolia et Sedum 
annuum semblent étre localisées exclusivement en cet endroit — 
sans compter quelques espéces connues seulement d'une ou de 
deux localités. 

b Le groupe de la Hnitesa, caraciérisé par de vastes 
espaces, recouvertes de pin nain, par une plus grande altitude 
de la limite des foréts (+ 1620—1630 m et par la présence des: 


1) Espéces trouvées par l'auteur. 
2) Espéces trouvées par le dr. J. Madalski. 
3) Espéces trouvées par le dr. T. Wilczynski. 
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Carte II. Division du district géobotanique pocutico-marmarossien en sous-districts et endroits. (1) crêtes des mon- 

tagnes, (2) limites des districts, (3) des sous-districts, (4) des endroits. Okreg Karpat Lesistych = District des Car- 

pathes Boisées; podokręg = sous- district; świdowiecki = du Świdowiec; czarnohorski = de la Czarnohora; Gór Po- 

lańskich = de la Polana; Gór Ludowych = de Ludowa; Czywczyński = de Czywczyn; Trojadzki = de la Trojaga; 
zach. bukowiński = de la Bucovine occid.; laposki = de Lapos; rodniański = de Rodna. 


Bull. III. Bl. B. Pawłowski pag. 96. 
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Gentiana punctata, Heracleum palmatum et Saussurea | Porcii. 
Nous rattachons à ce territoire le versant méridional du mont 
Hiystowaty, appartenant — au point de vue géographique — aux 
Monts de Ludowa. 

c) La chaîne de Bardo, individualité géobotanique peu 
nette, pourrait être considérée comme troisième fragment du sous- 
district ezywezynien. Elle est recouverte de buissons de pin nain 
et d’aulne verte ainsi que de Calamagrostideta étendus. Sur ses 
rochers apparaissent les: Poa laxa et Potentilla Crantzii. 

Selon nous, le secteur septentrional des Monts de Czywezyn, 
envisagé du point de vue géographique, wappartient pas au sous- 
district góobotanique czywczynien, mais à celui des Monts de 
Ludowa et ceci en raison de sa pauvreté floristique et de 
Vabsence de toute végétation calcicole. 

4. Les Monts de Polana (= Góry Polańskie, 1961 m) 
sont caractérisés par les: Genista tinctoria ssp. oligosperma (Deyl 
14a) et Melandrium nemorale (Zapalowicz 180), inconnues jusqu'à 
présent dans les autres parties du district pocutico-marmarossien; 
par Anthemis carpatica, Gentiana nivalis, Poa media (Jirásek 58), 
Saxifraga oppositifolia et Sempervivum assimile (Deyl 16), ren- 
contrées dans les sous-districts 5. et 6. et par quelques espèces 
mentionnées précédemment comme appartenant en commun aux 
Monts de Polana et aux sous-distr. 1. ou 2. 

5. Les Monts de Rodna (Góry Rodniańskie) surpassent 
toutes les autres chaines des Carpathes Nord-Orientales aussi bien 
par leur altitude (2305 m) que par la richesse et la singularité 
de leur flore. Celle-ci contient 23 espéces endémiques oricarpa- 
thiques, dont l'une — Silene nivalis (Kit.) Rohrb. — se rattache 
exclusivement aux Monts de Rodna. Parmi les autres especes 
que l'on rencontre ici et qui font défaut dans: les autres sous- 
districts, nous mentionnerons les suivantes: Alopecurus laguri- 
formis (Pawłowski 109), Alyssum repens, Anthemis macrantha, 
Arabis sudetica, Artemisia petrosa (Bmg.) Jan ssp. carpatica 
Borza, Astragalus penduliflorus (Nyarady 98, 100), Bupleurum 
diversifolium, Cardamine resedifolia, Cerastium Lerckenfeldianum, 
Eritrichium nanum, Knautia longifolia, Ligularia glauca ssp. car- 
patica, Melampyrum bihariense, Myosotis variabilis (Zapalowicz 
1165, Papaver aurantiacum Lois. ssp. Corona- Sancti- Stephani 
(Zap.) Borza, Potentilla ternata, Ranunculus crenatus, Saxifraga 
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cymosa, S. moschata, Symphyandra Wanneri etc. Le nombre de 
toutes les espéces oricarpathiques dans ce sous-district dépasse le 
chiffre de 90, 

Les Monts de Trojaga (Góry Trojadzkie, 1939 m) ne 
presentent pas d’individualite accentuée au point de vue botanique 
et peuvent étre considérés soit comme sous-district a part, soit 
rattachés au sous-district de Rodna. 

D Les Monts de Ludowa (Góry Ludowe, 1610 m), aux 
quels nous rattachons la partie septentrionale des Monts de 
Czywezyn c.ad. le groupe du Stoh (1653 m) ne possédent que 
37 especes oricarpathiques, dont seulement 10 endémiques. Ils 
ressemblent par leur pauvreté floristique aux Carpathes Boisées 
(distr. I.), mais ils en différent par la présence des: Avena ad- 
surgens, Carduus transsilvanicus, Chrysosplenium alpinum, Doro- 
nicum carpaticum, Festuca apennina et d'autres encore peut-être. 

7. Les Monts de la Bucovine occidentale ne sont 
pas suffisamment connus au point de vue géobotanique. On 
y trouve entre autres: Erysimum Wittmannü var. Czetzianum, 
Leontopodium alpinum et — plus à lest — Poa Rehmannii. 

La position géobotanique des Monts de Lapos (1842 m) 
et des Monts de Kelemen (2102 m) n’est pas facile à définir. 
Leur végétation est pauvre et monotone. Elle contient cependant: 
Centaurea carpatica, Melampyrum saxosum et Rumex arifolius 
ssp. carpaticus, celle des Monts de Kelemen en plus Festuca Porcii 
(Pax 113) et Ranunculus crenatus (Zapalowicz 181). Grace a ces 
plantes les deux chaines en question se rattachent au district 
pocutico-marmarossien et peuvent étre considérées comme l’avant- 
pays de celui-ci (»Praemarmarossicum« de S 06 142). 


Ill. Le district bistritso-moldavien 


comprenant les massifs de Rareu, de Ceahlău, d'Haghimasul 
Mare, d’Öcsem et de Muntii Bicazului (Gusuleac 45) ainsi que 
la gorge de Tulghes, possède quelques endémiques spéciales: 
Astragalus pseudopurpureus Gus. (44), A. Roemeri Pet. et Pri- 
mula leucophylla Pax. — Sempervivum Simonkaianum Deg. et 
Trisetum macrotrichum Hack. y ont leur centre de répartition. 
Une large ceinture des Carpathes de flysch (le district »Praesi- 
culum« de Soó) constitue son avant-pays géobotanique. 
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V. Lage de la flore et de la végétation ezywezynienne 


1. Possibilitó de survivance des plantes pendant 
l’&poque glaciaire 


La glaciation des Carpathes Orientales au cours de la derniére 
époque glaciaire n'était pas trop considérable; la longueur des 
glaciers dans les chaines au-dessous de 2000 m atteignait à peine 
1—2!/, km (Kondracki 68) La limite des neiges éternelles se 
trouvait à l'altitude d'environ 1500 m (S. Pawlowski 111, Kon- 
drackil c). Ces conditions étaient à peu prés les mémes durant 
l'époque glaciaire antérieure (Swiderski 146) Il y restait par 
conséquent assez d'espace pour la vie végétale. Un certain nom- 
bre de plantes pouvaient survivre sur place à la derniére glaciation 
ou méme à lépoque glaciaire toute entiére et persister jusqu'à 
nos jours. Cela ne s'applique cependant qu'aux plantes qui se 
montrent les plus résistantes à l'influence des températures trés 
basses et qui supportent une bréve période végétale. 


2. Le développment de la végétation forestiére et 
des étages de la végétation 


D'aprés les recherches de M. E. Pop (118, 119) il parait plau- 
sible qu'au temps de la derniére glaciation les parties inférieures 
des Carpathes Orientales étaient couvertes de foréts monotones de 
pin silvestre (ou d'arole?) L’épicéa y apparaissait en petit nombre 
ou formait peut-étre cà et là de petits bois. La differenciation 
altitudinale de la végétation était tout à fait simple: en bas un 
étage de foréts uniformes, en haut un étage alpin. Le pin nain 
existait certainement aussi, mais il n'y a pas d'indication permet- 
tant de conclure qu'il formait à cette époque un étage à part. . 
Les Monts de Czywczyn eux-mêmes s’elevaient bien au- dessus 
des foréts, dont la limite supérieure en cet endroit atteignait 
tout-au-plus 600—700 m. 

Aprés le recul des glaciers, au début de. l'holocéne, l'étage 
du pin s’accrut vers le haut. Au temps de son expansion maxima 
il atteignit au moins 1400—1500 m, puisqu'on retrouve à cette 
altitude dans les Carpathes Nord-Orientales des stations isolées de 
pin silvestre qui ont persisté jusqu'à nos jours. Cet étage existait, 
probablement aussi dans les Monts de Ozywezyn, quoique le pin 
silvestre y manque aujourd'hui complétement. 
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Plus tard, le climat étant devenu plus chaud et plus humide, 
les forêts de pin cédérent place à deux étages différents: celui 
de l’épicéa et celui du chêne et de l’orme. Le premier occupait 
probablement les parties supérieures de l'étage du Piceetum con- 
temporain, mais il montait beaucoup plus haut. Le second rem- 
plaçait l'étage actuel du Fagetum. La présence du chêne à cette 
époque dans nos monts étant chose douteuse, les foröts de cet 
étage se composaient probablement d'ormes entremélés d'épicéas. 
Ulmus scabra existe encore maintenant sur le versant marmarossien 
des Monts de Czywezyn. 

C'était l'époque de l'élévation maxima de la limite supérieure 
des forêts. Quelle était l'altitude atteinte par celle-ci? Les re- 
cherches récentes de M. A. Srodon contribuent considéra- 
blement à résoudre cette question. Dans la partie inférieure 
du profil étudié par ce savant au Col de Breskul (Czarnohora) 
à l’altitude de 1750 m, dans une couche contenant un maxi- 
mum du pollen du Coryłus mais dépourvue de toute trace ma- 
croscopique de cette espèce, il a trouvé des aiguilles d’épicéa, 
aussi des débris macroscopiques d'aulne verte et du pin nain en 
quantité prépondérante. Il n’y a pas à douter que cette couche 
correspond à l’optimum climatique postglaciaire et que la limite 
supérieure des forêts était située en ce temps-là dans le voi- 
sinage immédiat du Col de Breskul. Elle devait être alors de 
150—200 m plus élevée qu'aujourd'hui. Si nous admettons les 
mêmes chiffres pour les Monts de Czywczyn, «ceux-ci auraient 
dû à cette époque être couverts de forêts à l’exception des deux 
sommets les plus élevés: le Czywezyn et la Hnitesa. Sur la cime 
du premier, exposée aux vents et hostile au pin nain à cause de 
„son substratum, de petites pelouses alpines auraient pu se main- 
tenir: elles recouvraient aussi probablement la cime de la Hnitesa, 
où l'existence du pin nain était d'ailleurs possible. 

L'expansion du charme, qui eut lieu en Transsylvanie au temps 
de la détérioration progressive du climat (Pop 1. c), se manifesta 
aussi dans notre région mais de facon moins sensible. 

Le plus récent des étages de la végétation dans les Carpathes 
Orientales, comme ailleurs en Europe centrale, est celui du Fa- 
getum. Au début de son expansion il montait probablement plus 
haut qu'il ne le fait maintenant, parce que la détérioration du 
climat n'avait pas encore atteint son état actuel. Il est possible 
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que les stations élevées et isolées de certaines plantes du Fagetum 
datent de cette époque. | 

Il y a environ 2500 ans que le climat étant devenu encore 
plus froid, aboutit à son état présent et que les étages de la 
végétation atteignirent leurs limites actuelles. 


Fig. 12. I, Festuca Porcii Hack. (@ localités verifiées, © localité un peu 
douteuse) II. — F. angustifolia (Hack.) Kraj. pro subsp. — Les traits espa- 
ces indiquent la limite du district géobotanique pocutico-marmarossien. 


La fig. 13 représente les stades successifs principaux de lé- 
volution des étages de la végétation czywczynienne. 

En comparant les données exposées ci-dessus à l'état actuel 
de la végétation des Monts de Czywczyn, nous essayerons de 
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reconstruire son ‘état primitif tel qu'il a dû se présenter immé- 
diatement avant l'intervention de l’homme. En ce temps-là 
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Fig. 13. Stades historiques du développement des étages de la végétation 
des Monts de Czywczyn. 


I. Maximum de la dernière glaciation quaternaire; II. premiers temps post- 
glaciaires; JII. optimum climatique postglaciaire; IV. première phase de 
l'expansion du hêtre; V. temps recents. — A droite: altitudes en mètres. 
En bas: echelle chronologique par rapport au moment actuel. — (1) Ètage 
niyal, (2) ét. alpin, (3) et. du Mughetum, (4) ét. du Fagetum, (5) ét. du 
pin et de l’arole, (6) ét. de l’orme et de l’épicea, (7) étage du Piceetum. 


nos montagnes étaient recouvertes de forêts beaucoup plus abon- 
dantes qu’aujord’hui. Il n’y avait pas de vastes alpages, Les 
rochers et les marécages étaient les seules stations qui présen- 
taient un asile pour les végétaux héliophiles à l’intérieur des 
étages des forêts. Au-dessus de la limite supérieure de ces étages 
s’etendaient, dans la partie méridionale, des broussailles de pin 
nain encore plus compactes que de nos jours — dans la partie 
centrale et septentrionale — des buissons d’épicéa rabougris, de 
genévrier nain et d’aulne verte. Les’ Calamagrostideta naturels, 
les megaphorbiees et les associations des sources occupaient des 
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surfaces bien restreintes. Seul le dóme du Czywozyn faisait ex- 
ception, étant dépourvu de buissons, à cause de la nature de son 
substratum. 


3. L'áge de la végétation non forestiére 


Presque toutes les plantes czywczyniennes vraiment intéres- 
santes du point de vue géobotanique sont héliophiles, rattachées 
aux associations non-forestiéres. Leur histoire présente probable- 
ment linverse de celle des foréts, les époques de leurs expansion 
coincidant avec celles du recul des foréts et vice-versa. La végé- 
tation héliophile pouvait done étendre son aire sürtout pendant 
les glaciations. L'époque postglaciare lui était défavorable dans 
toute sa durée. Les conditions se sont améliorées du moment 
que lhomme occasionna un déboisement partiel au profit des 
prairies subalpines secondaires. 

Nous pouvons proposer deux hypothéses concernant les plantes 
héliophiles des Monts de Czywezyn: j| 

19? qu'elles sont d'un áge contemporain des prairies secondaires 
anthropogenes; 

29 qu'elles sont beaucoup plus andiennes, datant tout au moins 
du moment du déclin de l'époque quaternaire. . 

Plusieurs associations, surtout celles des »poloniny« propre- 
ment dites (Rumicetum alpini pocuticum, Poéto-Deschampsietum, 
Poéto- Deschampsietum nardetosum, Agrostidetum vulgaris pocuti- 
cum) sont sans doute anthropogènes. Cependant, même parmi elles, 
nous trouvons très peu d’espèces qui n’aient de stations naturel- 
les en d’autres associations de notre territoire. Seulement pour 
un nombre de plantes très limité (p. ex. Briza media, Cynosurus 
cristatus, Festuca pratensis, Poa pratensis) nous sommes obligés 
d'admettre une immigration toute récente. 

Les marécages, les sphaignaies et les rochers existaient sans 
aucun doute avant l'apparition de l'homme, la majorité de leur 
flore est done absolument spontanée. En détruisant les foréts 
environnant les rochers, l'homme a créé, il est vrai, des condi- 
tions favorables pour l'expansion des plantes qui croissent sur 
sol rocheux. Il n'est pas impossible que l'une ou l'autre espéce 
aie immigré grace à l'intervention de l’homme, mais il est peu 
plausible que ‘cette règle s'applique à leur majorité. L'individua- 
lité accentuée des massifs calcaires particuliers, la localisation de 
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certaines espèces, les espaces considérables qui les séparent de 
leurs localités les plus rapprochées témoignent d’une origine fort 
ancienne de la végétation calcicole de nos monts. 

Une grande part de la végétation czywezynienne héliophile 
est donc probablement plus ancienne que toute la végétation 
forestière de ce territoire, et date tout au moins de la fin de 
l'époque glaciaire ou méme d'une époque antérieure. Il se peut 
que certaines espèces de l’âge préquaternaire se soient conser- 
vées à leur place au cours de l'époque glaciaire toute entiere. 
Ce serait surtout plausible pour les endémiques oricarpathiques 
d'origine ancienne telles que: Achillea Schurii, Festuca Porcii, 
Heracleum carpaticum, H. palmatum, Melandrium Zawadzkii, Mi- 
nuartia oxypetala, Phyteuma tetramerum, Ranunculus carpaticus, 
Saxifraga corymbosa ssp. luteoviridis. Il paraît vraisemblable que 
les Monts de Czywezyn faisaient. partie du territoire primordial 
d’ou ces plantes tiraient leur origine. 

Saussurea Porcii Deg., une des plantes les plus renommées 
de nos monts, peut être envisagée aussi bien comme étant d’äge 
préquaternaire que de l'époque de l’invasion glaciaire. En tout 
cas, sa répartition géograpRique et son affinité systématique lui 
désignent une place dans le méme groupe géobotanique qui com- 
prend Sibiraea croatica Deg., Gentiana frigida Haenke, Tanace- 
tum Zawadzkii (Herb. Pawł. Conioselinum tataricum Fisch., 
Saussurea pygmaea (Jeq.) Spr. et Avena Besseri Gris. 


Cracovie, juin 1939 (suppléments jusqu'au mois de juin 1945). 
Institut Botanique de l’Université Jagiellonienne. 
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Explication des Planches 2—5 


Planche 2. 
Fig. 1. Czywezyn (1769 m); vue du côté sud-est. 


Fig. 2. Rochers du conglomérat en forme des ruines à la Komanowa 
(env. 1700 m). 


Planche 3. 
Fig. 1. Buissons étendus du pin nain (Pinus montana Mill. ssp. mu- 
ghus Scop.) à Palenica; en derrière au milieu la crête de la Hnitesa (1769 m). 
Fig. 2. Le col Szyja (au milieu); en derrière à gauche — Hlystowaty, 
à droite — Hostinec. A — Cariceto-Festucetum Porcii (stations de la Saus- 
surea Porcii Deg). 
Planche 4. 


Fig. 1. Tourbières couvertes eu partie du pin nain, au milieu des fo- 
rêts, sur la crête du Rotundul. 


Fig. 2. Kamieniec au-dessous de Prełuczny. Rochers calcaires. 


Planche 5. 


Fig. 1. Erysimum hungaricum Zap. dans le Festucetum saxatilis 
sur un rocher calcaire au Lozdun. 


Fig. 2. Heracleum palmatum Bmg. dans la vallée du Perkatab. 
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Introduction 


The experiments dealing with the influence of ammonium 
molybdate upon a plant, were carried on by me from 1938 to 
1944, till the burning of Warsaw, which interrupted them complet- 
ely. I did not succeed in preserving from destruction the quite 
finished manuscript, besides notes, the results of my six year’s work. 

In spite of the lack of many data, which I could not remember, 
I decided to print this paper because of its experimental cha- ` 
racter, as a repetition of these experiments will be impossible 
in the next years due to the difficult conditions after the war. 

My paper is deprived of a complete bibliography of the” 
subject. I quoted only the works up to 1939 and even those not 
entirely, because of the devastations in our libraries the lack 
of the literature, covering the period of the war, is to be re- 
gretted the most. 
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The present results of the investigations concerning the 
influence of the ammonium molybdate upon a plant 


The influence of heavy metals upon the organism, either of 
plants or of animals, was investigated very much during the last 
ten years. The literature on this subject concerning particularly 
such elements as Cu, Fe, Pb, Mn is. very abundant at present. 
But the. influence of molybdenum on the organisms, either 
of plants or of animals was not as yet the subject of experiments. 
There are few works about it, but they present very interesting 
results. Above all the works dealing with the bacteria binding 
the free azote from the air (Azotobacter and Clostridium) deserve 
our attention. The most important results are as follows: 

1) The adding of molybdenum to the soil causes Azoto- 
bacter to grow more strongly and at the same time the amount 
of the bound azote increases (10, 11, 12). 

1) The presence of the azotic compounds in the soil dimi- 
nishes the influence of molybdenum upon the quicker growth of 
Azotobacter (15). 

3) The influence of molybdenum upon the stronger binding 
of the free azote by Azotobacter is most remarkable, when there 
is only azote unbound around the bacteria. The concentration of 
10°—10* molecules of Mo for one cell of Azotobacter is quite suf- 
ficient to show the catalytic action of this element. Among other 
metals only vanadium has a similar influence (15). 

4) Further experiments have shown that the first azotic com- 
pound, which is formed in Azotobacter, is probably an amid. 
compound. Mo would be the catalysator cooperating in the for- 
mation of this type of compounds (16). Besides the experiments 
with Azotobacter, there are some works dealing with Aspergillus 
niger. The addition of molybdenum to the soil food, on which 
Aspergillus was grown, increased the reduction of nitrates into 
ammonia compounds and then into aminoacids (42). The lack of 
any traces of Mo in the soil caused a diminution of the plant mass 
by 65°/, (22, 33). There are few papers dealing with the influence 
of molybdate upon the development of higher plants. At first 
the traces of Mo were discovered in the majority of cultivated 
plants (21). Very imteresting is the presence of a little amount of 
this element in the leaves of the trees (31). In water cultures in 
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pots, addition of ammonium molybdate to make the food stronger 
was poisonous for young plants. Only the doses of 10—*and 107 mg 
for 21 stimulate the growth and the development of the plant (34). 

The situation is different when the plants are watered with 
ammonium molybdate in a somewhat later stage of development. 
Then even big doses do not poison plants. When the dose is 1 g 
for 10kg of the soil ammonium molybdate does not cause any 
symptoms of disease (44). My numerous observations have shown 
that the poisoning action of molybdenum to young plants is caused 
most often by a direct, external action of this element upon the 
hypocotyl. Weak symptoms of the disease were seen on the 
leaves only when the dose was 2g for a pot. 

The above mentioned papers have shown that the catalytic 
action of Mo in a living plant-cell is most probably connected 
with the synthesis of albuminous compounds. 

An other work, which indirectly corroborates the identical 
action of ammonium molybdate is a paper by Scheffield (35). He 
has noticed the particular influence of high doses of ammonium 
molybdate on a change of protoplasmatic structure in the cells. 
This author confirmed the formation of the protoplasmatic aggre- 
gations in the hair of Nicotiana in vivo. These aggregations 
changed then into rounded or oval compact masses of cytoplasm. 
According to him, they are similar to X-bodies, which are 
characteristic for some of the virus diseases of plants. This 
analogy was immediately vigorously criticised. The plants gro- 
wing on the food containing high doses of ammonium molybdate, 
show some symptoms similar to that of virus diseases but they 
have no infectious properties. It was stated that this analogy 
was only extraneous. K. Warrington repeated the above experi- 
ments in pots (44). She has described the exterior symptoms, 
caused by big doses of ammonium molybdate. At the same time 
the author ascertains the aggregation of Mo in the cells as drops 
containing tannin compounds. In her final conclusions she exclu- 
des any possibility of comparison with the phenomena caused 
in cells by virus diseases. She is, however, of the opinion that 
the changes of the protein in cells caused by Mo, are a matter 
for further investigations. | 

This paper is an attempt to examine the influence of Mo upon 
proteins compounds, contained in the plant cell. 
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CHAPTER I 


The influence of ammonium molybdate on the external 
appearance of the plant 


The observations of the influence of a great amount of ammo- 
nium molybdate on the plant, were done by me for several years 
with a great deal öf different kinds of plants cultivated in pots 
in always the same conditions of soil, if possible. 

The pots contained about 9—10 kg of garden soil with a cer- 
tain admixture of sand (!/, sand and 2/, of garden soil), of pH = 
6:8—7. Depending upon the conditions of the climate, the plants 
were watered every day or every second day, to the constant 
weight: 60°, water and 40°/, soil dried by 100°. The conditions 
of the soil throughout the duration of those experiments were 
nearly the same. The climatic conditions in which the plants 
grew, on the contrary, were changing. The experiments took 
place: 1) in the open vegetation hall under normal climatic con- 
ditions, 2) along a wall, exposed to the south, under a strong 
operation of the sun, 3) in a closed green-house with a high 
temperature and a moist atmosphere, 4) in a green-house with 
dry air, exposed to a strong influence of the sun. The change 
of climatie conditions hastened the influence of ammonium mo- 
lybdate upon the external appearance of the plant. 

Most experiments were conducted with several varietes of 
potatoes also with tobacco, tomatoes, cucumbers, phlox, Turkisch 
pepper and rye. For the study were chosen specially these kinds 
of cultured plants, which with the exception of the rye most 
easily become victims of virus infection. They were also the 
objects of many investigations, connected with the virus diseases. 

The influence of great doses of ammonium molybdate on the 
external appearance of plants is generally small. In the pot cul- 
ture the use of a dose of OS gm of ammonium molybdate 
for one pot, quickly causes the leaves to turn yellow and makes 
them fall of. The dose of 0:2 gm given every other day, shows 
little change only after a long time. This influence depends 
mostly upon the moment in which watering has been begun. 
The younger the plant watered with ammonium molybdate is the 
more we see the toxical influence of this metal on its develop- 
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ment. The climatic conditions make this influence more or less 
considerable. A few examples, the results of experiments per- 
formed during 6 years, will illustrate this phenomenon. 


1. Potato (Solanum tuberosum) 


The principal question of these experiments was the choice 
of an absolutely healthy material, not liable to have any virus 
diseases. The possession of such material is in our conditions 
a difficult thing. The European potato varieties are mostly subject 
to the virus diseases (2). Even in the case of a lack of external 
symptoms, serological investigations show as a rule the presence 
of virus X. The tubers of quite healthy potatoes, which were 
used in my experiments, belonged to 4 varieties: 1) var. President, 
the tubers were sent to me by Kenneth M. Smith, Potato Virtis 
Research Station School of Agriculture, Cambridge. It is a variety 
easily infected with virus diseases. It is used in England and 
Holland mostly for experiments dealing with the virus diseases 
(36). 2) Nr 41957 variety received from the U.S. of America 
which is immune against virus X. These tubers were brought 
from North America. 3) The Polish variety »Kmieć« and var. 
 Rosafolia were selected at the experimental station in Mory near 
Warsaw. The health of the tubers was serologically ascertained 
before each experiment. 

Besides the healthy material, experiments were made at the 
same time with unhealthy potatoes infected by mild mosaic (vi- 
rus A) and by potato virus A—X. For one series of experiments 
the wild varieties of potatoes brought from South America and 
Mexico were also used. : 

1) First experiment with the Er President. 
Healthy tubers brought from Cambridge, were planted in the 
first days of April in pots standing in an unheated, closed 
green-house. On 28 IV the germinating stems were up to 5 cm 
high and possessed 4 developing leaves. Every second day I 
added 0:2 g of ammonium molybdate to 50 cm of water. Till 
may 14 the plants got 1g of molybdate. The qualitative reaction 
for the presence of molybdenum, made with xantogenium of 
potassium was positive in the youngest leaves. The dried leaves 
were burnt with KCIO,, with the addition of KOH, afterwards 
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by the method of drops they were examined on the blotting- 
paper with xantogenium of potassium and HCl. In the oldest 
lower leaves the presence of molybdénum could not be ascertained. 
The plants developed 8 leaves each and were to 14cm high. 
They did not differ in their outward appearance from the control 
plants watered with water. Until 14 V the plants got a total of 
2g of molybdate. After this dose a great difference was to be 
seen, as compared with the control plants. The plants got up to 
20 cm of height. The controls were a little higher. On the tops of 
the stems the flower buds appeared, while in the controls they 
were not yet marked. The leaves, especially the youngest on the 
tops, were smaller by half than the controls. They were marked 
especially by dark green colour and by somewhat wrinkled edges. 

Until the 20 V the plants got 3g of molybdate for one 
pot. The plants being stopped in further growing, began to blos- 
som. The controls began to produce buds. The top leaves got 
a characteristic yellowgreenish colour because of large doses of 
molybdate. A further watermg with molybdate to 5 g. for one 
pot, does not change the shape of the plant. Its height remains 
unchanged. In case of great insolation and too high temperature 
in the green-house, the lower leaves of the plants watered 
with molybdate became yellow sooner and fell down quicker. 

The plants were taken out of pots in the middle of August. ` 
The underground organs of the plants watered with molyb- 
date showed a great degeneration. The yellow-brownish roots 
` were injured in several places. They were shorter and more 
weakly developed, than those of the control plants. The few 
tubers which were produced in abnormal conditions of the pot 
culture, did not differ generally from those of the control plants. 
The principal change of the outward appearance became noti- 
ceable, if the plants after a certain pause were watered with 
molybdate in a later period, when the tubers were already beginning 
to be formed. The tubers were dark brown and bursting. If how- 
ever the forming of the tubers took place at the time, when 
the plants were non longer watered with molybdate, its influence 
upon them was slight. ` 

2)Second experiment with var. President. The pots 
during the experiment were exposed to a strong insolation in 
a normal atmosphere. The pots were kept in this case in the: 
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driest conditions of the soil possible. I watered them with half 
the quantity of water used in former experiments. The stopping 
of the growth of the experimental specimens and of the control 
plants was marked. The plants got a total of 5g of molybdate. 
The lenght of the stems of the experimental plants was barely 
11 to 12cm, and that of the control plants 20 cm. The colour 
of the leaves was yellow. The tubers were already formed’ upon 
the unterground organs. They possessed a thick dark brown skin, 
in some places strongly split. The xantogenium reaction showed 
a great quantity of molybdenum in their tissue. 

3) Third experiment with var. President. It was 
cultivated in the green-house, as in the case of the first experi- 
ment. At the end on May I began to water the older plants with 
molybdate. Their stems were about 14 to 15 cm high, and 
they possessed 8 well developed leaves. The influence of molyb- 
denum on the outward appearance of plants as compared with 
the control plants, was not to be seen at all. In the high tem- 
perature of the green-house the plants under experiment did 
not differ in height from the control plants. Only the colour 
of their leaves was a little different and the unterground organs 
were somewhat degenerated. 

4) First experiment with var. »Kmiec«. The plants 
were planted in the vegetation hall. During good weather, the 
pots were carried on small carts into normal climate conditions. 
The plants were watered since their earliest stage of develop- 
ment, every time with 02g of molybdate, up to 5g in 
total. The differences in the growth and the weight of the 
overground organs as compared with control plants were weakly 
marked. The blossom time was earlier by two weeks. The roots 
and underground stems were degenerated. 

5) Second experiment with var. »Kmiec«. The plants were 
kept in normal conditions out of the green-house. They were 
planted into pots on April 18. They were already older plants, with 
stems about 35 em high. On one bush there were 4—5 stems. 
Until June 10 the plants got 1g of molybdate. The stems 
were about 40 cm long, producing on their tops distinct blossom 
buds. Till June 22 the plants got a total of 2g of molybdate. 
The stems reached the hight of 45—50 cm and did not differ 
at all from the control plants. Only the top leaves took a yellow- 
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ish colour and the lower leaves became yellow and began to 
fall. The blossom time was a little earlier. Further doses of mo- 
lybdate were marked by a greater falling of the oldest leaves. 

6) Experiment with var. Rosafolia. This variety 
was planted in the beginning of April in the heated greenhouse 
in an atmosphere filled with moisture. The plants were watered 
from their earliest stage of development with 5g for one pot. 
The control plants in the warm and damp atmosphere were 
growing quickly. The plants that were watered with molybdate, 
were growing in height until they got 2g of molybdate for 
one pot. On the top on the stems appeared the blossom. 
buds and later their growth was stopped. At the end of the 
experiment the experimental plants had stems 30 - 35 cm high. 
They had small yellow-greenish leaves with curled edges. 
The control plants measured 70 to 80 cm. They possessed in- 
tensively green and normally developed leaves. 

Besides the experiments with healthy tubers, some were made 
with diseased potatoes infected with virus A, virus A—X and 
virus X. The influence of molybdenum on the outward appearance 
of the diseased plants was analogous to that upon healthy plants, 
according to my statements above. The virus mosaic seen on the 
young stems remained on the plant throughout the duration of 
the entire experiment. 


2. The degree of reaction of molybdenum on potatoes immune 
against the virus diseases 


The question of the immunity of potatoes against virus di- 
seases is one of the greatest problenis from the practical and 
theoretical point of view. The efforts of many years to obtain 
varieties of potatoes quite immune against virus diseases conducted 
on both Continents, did not give till now satisfactory results. Wild 
and semi-wild sorts closely related to Solanum tuberosum, coming 
from South America and Mexico generally appeared to be very 
susceptible to many different viruses in European conditions. In 
the rich collection of South-American potatoes. available at 
the W.I.R. Institute in Leningrad (13, 14), only one wild Me- 
xican species Solanum acaule from high mountains, was absolu- 
tely immune against virus diseases. From: the systematical and 
cytological point of view, it is very far removed from all those 
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sorts, from which the cultivated potatoes take their origin. By 
its external appearance S. acaule differs very much from all the 
known sorts of the genus Solanum (14). In the heated and damp 
green-house conditions, in which the influence of molybdenum is 
seen the best, were cultivated pot cultures from wild and semi-wild 
South American sorts: 1) S. Andigenum var. colombianum f. usme 
which is cultivated in the Ands, 2) ©. Aybini cultivated in 
South America, 3) S. demissum; Mexican, wild, mountain sort 
immune against Phytophtora infestans, but subject to virus di- 
seases, 4) S. acaule growing in Mexico at the altitude of 4000 m 
over the sea. The doses of molybdate were applied as in the 
former experiments. I began to water with molybdate, from the 
youngest state, giving 0'2 g every other day for one pot. After 
a month each of the pots received 5g of molybdate. The most 
important symptoms of diseases as growth stopping, earlier 
blooming, yellow colour and falling of the leaves were 
noticed especially strongly in the case of the first three species. 
On the contrary, S. acaule the smallest one, reacted against mo- 
lybdenum very slightly. The control plants, possessed stems 
lenghtened a little more, which could not be noticed in the case 
of the plants watered with molybdate. In the last period of this 
experiment the lower leaves of the latter turned yellow. The 
influence of molybdenum was only marked in the earlier blooming. 
It is not at all proved, whether the immunity of S. acaule against 
the action of molybdenum is connected with the immunity of 
this species against the virus diseases. Further experiments will 
perhaps throw some light on this question. 

The selective work made on potatoes in U. S. A. did 
not give us so far varieties quite immune against virus diseases. 
The only success of this work is the production of a variety 
immune against Virus X, known as Nr 41956. This variety was 
cultivated by me for several years in the Principal School of 
Agriculture in Warsaw, under natural conditions without artifi- 
cial isolation. In the fourth year of the cultivation this variety 
was examined serologically and has shown the presence of virus 
X in stems and tubers. I made several experiments with this 
variety. The mfluence of molybdenum on the external appearance. 
of the plants was analogous to that of the varieties »Kmieó« 
and President. at | 
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3. Cucumber (Cucumis sativus) 

The pot experiments dealing with the influence of large 
doses of ammonium molybdate on the cucumber were performed by 
me during 6 years. The influence of molybdenum on this plant de- 
pended mostly upon the moment in which the watering had 
begun. The younger the plant, the greater the influence of mo- 
lybdenum. But when the stage of development was very early 
and when the young plant developed cotyledons and the 
first leaves, they would dry very quickly, after having been wa- 
tered several times with a dose of 0:2 g of molybdate for one 
pot. Ammonium molybdate in this stage injures the delicate cells 
between the stem and the root. The roots were destroyed and 
the plant wilted very quickly. This would not happen, if the 
young plant of cucumber had the first pair of leaves already de- 
veloped. As an example I will describe 4 experiments. 

First experiment. On the 19th of April I sowed three 
seeds per pot (every one contained 10 kg of soil). On the 6th of 
May the young plants had already one pair of well developed leaves. 
I began to water them, giving 02 g of ammonium molybdate 
in 100 cm of water every second day. In this way plants received 
1 g-of ammonium molybdate after ten days. The influence of 
watering was already perceptible. The roots were not so well 
develoned and all the plants were stopped a little in their growth. 
The young leaves turned dark green. On the 31th of May the 
plants got 2g of molybdate. A strong stopping of growth 
was noticeable. The length of stems increased twice and the plants 
had 6 leaves. All the plants bloomed, their lower leaves turned 
yellow, while the upper ones were dark green. The control plants 
had ten leaves, they began to blossom and they were much 
higher. After getting 3 g of molybdate, the differences were 
still more distinct. The leaves turned a characteristic yellow and 
lower leaves began to wither, If I went on. watering with mo- 
lybdate, the appearance of the plants would not change any more. 

Second experiment. I began to water the yong cucum- 
bers at the moment when they had developed already 4— 5 leaves. 
After receiving 1 g of molybdate its influence did not appear. After 
2g the leaves turned dark green and the growth of the plants 
was stopped. The roots were not so damaged as the roots of the 
first experiment, when they were watered in the younger stage. 
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Third experiment was done with older plants. The seeds 
were sown in the hot-bed in March. In the April the young 
plants were transplanted into the green-house. In the beginning 
of May they had several pairs of well developed leaves. On the 
9th of May I watered the plants with 0:2g of molybdate for 
the first time and hereafter I gave the same dose every second 
day. On the 29th of May the plants got 2g of molybdate. 
The influence of molybdate did not appear in their exterior. 
They grew as quickly as control plants. Further waterings 
did not stop their growth. On the 22th of June the plants had 
already received 4g of molybdate. Their stems had the same length 
‚as those of the control plants. The only influence of mo- 
lybdate was the characteristic yellow tint of the leaves and their 
falling, however the falling of the lcaves took place in the case 
of the control plants too. 

Fourth experiment. The seeds of cucumber were sown 
in May. In July the normal plants bloomed and began to form 
fruits. I began to water them with ammonium molybdate in this 
stage, with 3g of molybdate to every pot. There was no in- 
fluence on the exterior of the plants. 


4. Phlox (Phlox decussata) 


Early in spring I took out of the garden-bed the young 
turfs of Phlox, when they began to form young stems. Usually 
turfs took roots and developed normally after 2 weeks. I con- 
tinued the investigation on the influence of ammonium molybdate 
on these plants for some years and I obtained the same results. 
I will quote as an example one of the experiments from 1942. 

On the 23th of March I took out of the garden bed the turfs 
and transplanted them into pots. About the 15th of April the 
normal stems were .4—5cm high, they had 6 leaves on each 
stem. I began to water some of them with ammonium molybdate 
in this stage. After watering them four times the stems began 
to wither. It was because the young roots were quite damaged. 
The others I began to water towards the end of April, when roots - 
and stems were already well developed. In this case the roots were 
not damaged. I watered incessantly every second day giving 02g 
of molybdate in 100cm of water. On the 5th of May when 
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the plants received already 1g of molybdate the roots were 
' damaged and the stems were developed in the same way as in 
the ease of the control plants. The 15 th of May the plant had 2 g 
of ammonium molybdate. They were somewhat stopped in their 
growth and their lower leaves turned yellow. On the 25th of 
May the total of ammonium molybdate reached 3 gr in every 
pot. The plants watered with molybdate differed much from the 
control plants: the former had 12—13 leaves on the stems and were 
13— 15 cm high, all their leaves became dwarfish yellow and withered, 
the control plants were higher and healthy. When watering 
with 4g of molybdate these differences became more distinct. 


5. Tomato (Solanum Iycopersicum) 


I have conducted experiments with tomato in pots during 4 
periods of vegetation. The tomato, the same as the cucumber, 
when watered in very young stages died quickly in consequence 
of damaged roots. For my experiments I took young plants from 
hot-beds. Then they grew in pots till they had 2—3 pairs of 
leaves. In all my experiments the plants were somewhat stopped 
in their growth and they bloomed a little earlier than the con- 
trol plants. In one of my experiments I took older plants which 
had already young fruits. The influence of ammonium molybdate 
in this case was not at all to be seen. The fruits were formed 
quite normally. 


6. Pepper (Capsicum annuum) 


This plant played an important part in the development of 
virus investigations (2). It is subject to virus diseases very often. 
The concealed virus X transplanted from potato to capsicum 
causes a characteristic mosaic on it. This is the way in which 
„virus X has been discovered. This experiment lasted throughout 
6 periods of vegetation. In all these experiments I saw a great 
sensitiveness to the influence of the molybdate. 

The young plants were transplanted from hot-beds into pots 
and were kept in the green-house, till their hypocotyl became 
ligneous. If I began to water with ammonium molybdate too early, 
the plants would die in a short time. As this plant developes slowly, 
the beginning of the watering with molybdate fell in July. The 
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plants, after receiving 2 g of ammonium molybdate, had quite 
distinct symptoms of disease, such as the turning yellow and 
the falling of the leaves. If I kept on watering with 3g of 
molybdate these symptoms would become stronger. In 1943 Imade 
an experiment with older plants, when they formed buds and 
began to bloom. I began to water them on the 5th of August. 
After receiving 2 g of molybdate the plants turned yellow and 
the young leaves showed some degeneracy. After receiving 3g the 
falling of the leaves occurred. These observations confirmed the 
results of the potato experiments: plants more susceptible to the 
virus diseases exhibit a correspondingly stronger reaction to 
bigger doses of molybdate. 


4. Rye (Secale cereale) 


The experiment with rye took place in 1948. As this plant 
is immune to virus diseases it was to be expected it would not 
show any reaction to watering with ammonium molybdate. In 
the beginning of May several seeds were sown in 20 pots. When 
the plants had their first leaf normally developed I began to 
water them with molybdate every second day. I kept on watering, 
till 3g for one pot were attained, but I saw no symptoms of 
disease. The watered plants did not differ from control plants. 
K. Warington had the same results in her investigations (44). 


8. Tobacco (Nicotiana tabacum var. victoria) 


The experiments were continued during 6 periods of vege- 
tation. I ascertained, that young plants of tobacco, possessing 
one pair of leaves, when watered with molybdate, withered and 
died in a short time. The cause is identical with that in the case 
of the cucumber and capsicum: the delicate tissue of the hypocotyl 
was injured wery quickly. The watering may begin when the 
plants have 2—3 pairs of leaves at least. The influence of mo-. 
lybdenum was seen as in the case of the other species when its 
total reached 3 g for one pot. When the plants grew in a dry 
and hot green-house, the influence of ammonium molybdate was 
already seen after 2g. After receiving 3g of molybdate the 
plants stopped their growth and bloomed earlier. A bigger dose 
caused leaves to turn yellow. If the stage of development of 
plants in which the watering began, was later, then the influence 
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of molybdenum was less pronounced. The grown up and 
blooming plants of tobacco in the garden-bed did not show any 
reaction to.ammonium molybdate. 


9..The experiments with tobacco infected with mosaic 


Simultaneously with the experiments on healthy: tobacco I 
conducted also some experiments with tobacco mosaic. During 
several periods of vegetation the tobacco mosaic was grafted on 
young and old plants of tobacco. The individual differences in 
the sensitiveness were to be seen distinctly. Among the plants 
there were always some plants which were quite immune and 
which could not be infected at all or with great difficulty. The 
infection was accomplished by rubbing the leaves with the juice 
of a diseased plant. In the case of plants especially immune aga- 
inst mosaic the rubbing must be repeated several times every 
week, The infected plants when watered with ammonium molybdate 
in normal doses, showed the same reaction as the healthy plants. 
They stopped their growth and bloomed earlier. The symptoms 
of mosaic did not change with watering. To ascertain whether 
there is any antagonistic reaction between the influence of am- 
monium molybdate on the plants and the development of the 
virus diseases in their tissue, I made the following experiments. 

I-st experiment. I infected 20 young plants of tobacco 
with 2 pairs of well developed leaves and I began to water them 
with ammonium molybdate the same day. The dose was 02g 
of molybdate every time. As a control I infected some plants 
and did not water them with molybdate. On these plants I saw 
the mosaic on the young leaves after the 7th day, while on the 
plants watered with molybdate the first symptoms were seen 
some days later. In the further development of the disease they 
differed from the typical symptoms. Instead of characteristic 
stains some bright streaks appeared on the narrowed leaves. 
Among 20 plants I found 2 which were quite immune even 
when infected several times. At the same time they did not react 
to watering with molybdate. Their behaviour was similar to that 
of a wild Solanum acaule. 

II-nd experiment. 20 young plants of tobacco were watered 
with molybdate in the normal way, up to the total of 4g for one 
pot. All the plants had premature buds, all were stopped in their 
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growth and their leaves had a bright tint. In the beginning of 
July I plucked off the tops of the blossoms and put the pots 
into the garden-bed among plants infected with tobacco mo- 
saic. Then I began to water them with water only. I infected 
all the leaves of the plants in pots with mosaic by rubbing. 
After a week I did not see any symptoms of the disease. The 
rubbing was repeated and the infection had not been caught at 
all. But the young leaves which were formed in the angle of 
the old leaves in the middle of July had a typical mosaic. Che- 
mical reaction did not show the presence of molybdenum, except in 
the old leaves. To ascertain that the old leaves were uninfected 
indeed, I examined them by the well known optical and serological 
methods. I crushed the old leaves separately from the young 
ones and pressed the juice out of them. After centrifugating the in- 
soluble parts I precipitated the protein with a half saturated solut- 
ion of ammonium sulphate. I dissolved the sediment and examined 
it for double refraction in flow. The juice from young leaves 
with mosaic showed double refraction distinctly, while the juice 
_ of the older leaves containing molybdenum, did not show this 
phenomenon. The serological test gave the same result. The anti- 
mosaic serum precipitated with the juice of young leaves, but 
did not with the juice of the old leaves. These experiments were 
repeated three times during 3 periods of vegetation and the 
results were always the same. If I gave smaller doses of molyb- 
date than 2g, the plants did not show resistance to the disease. 
This resistance became discernible only after 3-—4 g of molybdate 
for one pot. 


. 10. The accumulation of molybdenum by plants experimented 
upon 

Besides the phenomenon of immunity caused by high doses of 
molybdenum in leaves the experiments have shown that plants 
accumulated molybdenum only when they continued to be wate- 
red with it. If the plants of tobacco were no longer watered 
with it, the ammonium molybdate ceased to permeate to the new 
developing leaves, though it was yet present- in the soil of the 
pot. The same observation was made in the case of the phlox. After 
cutting the plants off the pots which were watered with 5g 
of molybdate, the new plants developing from the same roots con- 
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tinued to be watered with water only and they had no traces of 
molybdenum. The ammonium molybdate is probably bound in 
the soil into an indissoluble compound which is not absorbed by 
roots. In the case of big doses of ammonium molybdate, the pH of 
the soil decreases a little about 0°5 unit. Further experiments have 
shown that probably ammonium molybdate immobilises in the 
soil the store of phosphorus, which is absorbed by plants in 
a smaller amount, when the doses of ammonium molybdate in- 
crease. The leaves and young buds of plants watered with mo- . 
lybdate were dried ina drying shed at the temperature of 100° C, 
ground exactly and then analysed. Tests were taken in the same 
time from plants of the same age grown under the same climatic 
conditions and on the same soil, watered with water only. 
The results were as follows: 


Healthy cucumber not watered with amm. molybdate (leaves) . 052%, P 


Cucumber after 2 g of ammonium molybdate . . . . « . « » » . 0:489/, P 
> > 3g > > » im rd aia as ane n 0:44", P 
Potato Nr 41956 not watered with amm. molybdate ..... So ie, 
» » » after 1 g of amm. molybdate . . :'« « « . » » 0:73%%, P 

» Y Fe a BS d ars TERN IIT a 0:58%, P 

> xi» ib omg i » wen d euo VAN 
Phlox not watered with ammonium molyb. . . « « e « » . e o 0°45°/, P 
» after 3g of ammonium molybdate . . . . . « . . . . « » 0:289/, P 


The next important problem is the ascertaining which amount 
of molybdenum is bound within the cells of plants during the 
experiment. 

Unfortunately my materials were lost completely and there 
is no possibility to reproduce them. In order to fil in the la- 
cunae I have repeated the experiments with cucumber and potato 
var. President in pots and have tried to estimate the percent 
of molybdenum in plants. 

The leaves and young buds of plants, watered with ammonium 
molybdate were dried at the temperature of 100° and then analysed. ` 

The result was as follow: 


Cucumber after 1g of ammonium molybdate ......... 0:0287/, Mo 
” » 2 So ” St eine yid Reo e "czad res fe 0-052°/, Mo 

„ ” 3g D n SWS. eet Segre ECONOMIE 0:012°/, Mo 

» H 4 5 » ” Be NET ES 0:384°/, Mo 
Potato var. President after 2g of ammn. molyb. ....... 0:057°/, Mo 
, ” » 3 gn» m wéi Dos Ure rto Mic YE 0-0659/, Mo 


7) H 
Tomato watered with 3g of ammn. mol. in the blossom time . 0:012°/, Mo 
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11. Summary of chapter I 

1) The influence of ammonium molyb. upon the exterior of 
the plants was discernible after receiving 2g of molybdate for 
one pot containing 10 kg of soil. Further watering with molyb- 
date causes the symptoms to be stronger. 

2) This influence appears in: 1) stopping of growth, 2) earlier 
blooming, 3) changing of the tint of leaves which are dark green 
in the first period and in the next turn yellow, 4) reduction 
of the roots. 

3) The climatic conditions make the symptoms stronger or 
reduce them. Under normal climatic conditions the symptoms 
of the disease are rather weak. In a hot and moist green-house 
they become very distinct. 

4) The influence of ammonium molybdate on the exterior of 
the plant is seen only when watering is begun at an early stage 
of the development: of the plant. The watering with ammonium 
molybdate of the grown up and blooming plant has no influence, 
while a too early watering causes young plant always to perish, 
this being the result of destroying their hypocotyl. The watering 
should begin when the hypocotyl is normally developed. 

5) There is a correlation between the susceptibility of a plant 
to virus diseases and its reaction to molybdenum. The more suscepti- 
ble the plant is (for instance: capsicum, tobacco, cucumber), the 
stronger is its reaction to watering with ammonium molybdate. Rye, 
which was quite immune against the virus, did not react to 
molybdenum. Among the species related with potato the wild So- 
lanum acaule, quite immune against virus diseases, did not show 
any symptoms when watered with molybdate. 

6) The plants with mosaic, when watered with molybdate reacted 
in the same way as the healthy ones. But the virus disease remains 
within the plants. 

1) Tobacco, after receiving 4g of molybdate, turned immune 
to tobacco mosaic. If the plant is further watered with water 
only and sprouts new leaves, they do not contain molybdenum and 
may get infected. At the same time mosaic can not be discovered 
in the old leaves: | 

8) The plants accumulate the molybdate as long as they are 
watered with it. When they are watered with water only, the 
plants do not absorb the molybdate, which is in the soil. 
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9) There is an interdependence between the quantity of fur- 
nished molybdenum and of the phosphorus absorbed by the plant: 
The bigger the doses of molybdate, the less of phosphorus does 
the plant absorb. Most probably molybdenum forms with phos- 
phorus an insoluble compound in the soil. 


CHAPTER II 


The investigation of the proteins contained in the plants 
watered with ammonium molybdate 


1. The examination of the fresh juice 


The first examinations of the influence of molybdenum were 
done on the fresh juice pressed out of the plants. The young 
leaves after gathering were crushed with a meat grinder and 
the juice was pressed out as quickly as possible with a press. All 
this did not last more than half an hour and the influence of the 
enzymes was as small as possible. I measured the pH of this juice 
and the degree of its buffering power. Mostly the plants watered 
with molybdate from 3—5 g for a pot had the pH decreased to 
0:5—1 degree. The same decrease in the acidity of the juice 
was recognised in the case of the diseased plants. But the alka- 
line juice of cucumber and Solanum acaule grew still more al- 
kaline. 

The results of the measurements were following: 


The potato var. »Kmieć«, watered with water PH. of juice.” . ev 16 
» > > zi » ^ molybdate » » >» 5:5 
> » » » infeeted with virus X BRZ 55 
The potato var. Rosafolia watered with water RONA $1 0M 
> » » » » > molybdate » » » Sow dao 
» » » » infected with mosaic(A + X) » » ser ak wi) 

The potato Nr 41956 watered with water KÓW 6 
> » > » » » moly date 39$ 53 
Phlox, healthy, watered with water Hue 2 Mes oo 
» > > » molybdate E: 5:5 
Phlox infected with virus X » oo» Se, E Jg 
Tobacco watered with water » » » OCEANIA 
» » > molybdate suite » 54 
The potato President watered with water » o> > PEETRE 
» » > » » molybdate hour AST sdb) 

Another behaviour of the cucumber: 

Cucumber, healthy, watered with water » 0» > AREK io 
» » » » molybdate ZSZ T9 
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When a potato infected with mosaic was watered with molyb- 
date the pH did not change. 


The potato var. »Kmieć« infected with mosaic pHofqmeeé 955 
> » » infected with mosaic 
and watered with molybdate » .» »  ... 55 
» »  Woltmann strongly infected with mosaic » » >» ... 6 
> » » infected with mosaic and 
watered with molybdate JuE hued Kr de ott eae oe: 


I measured the degree of buffering power of the juice for 
three varieties of the potato Kmieé, Rosafolia and Woltmann. 


Fig. -1. 
a) Potato var. Woltman, infected with virus A+ X, watered with ammonium 
molybdate, — b) Potato var. Woltman, infected with virus A -]- X, watered 
with pure water. 


I titrate 20 cm of the fresh juice with 1/2 norm HCl. The 
decreasing of acidity was measured after adding 0'5 cm of norm 
HCl. It appeared that the juice of a diseased plant and the juice of 
the plant watered with ammonium molybdate was more buffered, 
than the juice of a normal healthy plant. 


Ammonium molybdate and virus diseases of plants 129 


. In the case of the variety Woltmann, strongly infected by 
mosaic and watered with molybdate, the juice was still more 
strongly buffered than in the diseased plant (fig. 1). 


2. The extraction of the protein compounds from the fresh juice 


In order to ascertain whether the disturbance in the plant 
concerns a change in proteins, which could be compared with 
the nucleoproteids of virus disease, I have extracted the proteins 
of the plant juice with a method used to isolate the virus nu- 
cleoproteids and normal proteins from the green parts of the 
plant (6, 7, 39, 40). The preparation of pure proteins from fresh 
green leaves is a most difficult thing. Allat present well known 
plant proteins were obtained from seeds. The measure of the 
purification of the proteins is the percentage of N which rea- 
ches 16?/,. Chibnall got quite good results by applying a difficult 
method of extraction with alcohol and ether in low temperature 
(20. By applying the fractionation methods with different satu- 
rations of ammonium sulfate, I could not obtain pure proteins 
with the proper percentage of N. These proteins had always 
more or less admixtures. They are hard to separate as they de- 
naturate easily. More easy to get are the proteins of virus di- 
seases. There are already many of them, which we know in a com- 
pletely pure state, crystallised. The inner structure of the particle 
was established for them not long ago (2, 41). 

In our experiments, for the extraction of the plant proteins from 
the fresh juice many methods were tried, which were elaborated 
in the study of the virus nucleoproteids (3, 4, 5, 7, 37, 38). At the 
same time the juice of the healthy plants was extracted in the 
same way. 

First method. Fresh leaves with young buds are minced 
in a meat mincer and pressed through muslin. The 2°/, solution 
of salt is added to the residua of minced leaves, thoroughly 
mixed, and then pressed a second time. In order to separate chlo- 
rophyll more easily Na,HPO, is added to the extract (2g per 
l. The fluid was left for 24 hours and then the green sedi- 
ment was centrifuged. The chlorophyll is separated more easily 
if the fluid is heated to 60° and then cooled before centrifug- 
ing. Next, to the turbid sap we add ammonium sulphate in half 
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saturation, or CCI,COOH, so that in the centrifuged dark fluid 
there were no traces of proteins. The resulting precipitate is sus- 
pended in water and diluted NaOH added to bring the pH to 7, 
then dialysed in a celluloid pipe during 1 or 2 days till it was 
free of (NH,), SO,. After the dialysis the fluid was alkalised with 
1/10 n NaOH to pH 75 and the insoluble parts were centrifuged. 

In this way I got not quite purified proteins from Phlox 
watered with 3g of molybdate and of the potato var. President 
watered with 5g of molybdate for each pot. At the same time 
I extracted also proteins from Phlox and potato var. President 
watered with water. This was the first stage of purification of 
the protein. 

The not quite purified proteins prepared by this method, 
showed a small percent of N both in the case of healthy plants 
and those being under experiment. It amounted to 6—-8°/, of N. 
As to the amount of P, the difference was distinct: the protein 
of the plants watered with ammonium molybdate had a higher 
percentage of P than that of the healthy plants. 

I repeated this experiment with other varieties of plants as 
tobacco, cucumber and capsicum. The same phenomenon appeared 
in all these cases. | 

Second method. It was possible that in the first method 
the phoshorus compounds were formed in the expressed juice 
outside the living organism. The method therefore was changed 
so as to separate as quickly as possible the soluble phosphorus. 
Then after pressing out, the fresh juice was instantly dialysed 
in a celluloid pipe in running water for 24 hours. After dialysis 
2°/, NaCl was added to dissolve the protein. A lot of green 
sediment was centrifuged and the purifying of both the sedi- 
ment and the fluid then began. 

In this stage of purification a great difference was seen be- 
tween the juice from normal healthy plants and plants watered 
with ammonium molybdate. In the first case there was less 
sediment of chlorophyll and the fluid was dark and clear. In the 
second case the chlorophyll sediment was grey and it was se- 
veral times more copious. The fluid in this case was turbid, dark 
brown and opalescent. 

1. The purification of the chlorophyll sediment 
was done by dissolving the proteins with a2°/, solution of NaCl. To the 
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sediment a 2°/, solution of NaCl was added and it was alkali- 
sed to pH 75—8. Then the insoluble parts were centrifuged. 
The dissolving was repeated many times, till there remained 
very little of the insoluble dark green parts, All fluids obtained 
in this way, still green, were poured together and the purifying: 
was continued. The proteins were precipitated completely with 
20°/, CC1,COOH. After pouring out the supernatant fluid, the precipi- 
tate was dissolved in water at pH 7—75 and centrifuged until 
clear. Then the green-brown supernatant fluid was one half 
saturated with ammonium sulphate This treatment produced 
a flocculent precipitate. This was centrifuged off, suspended in 
a volume of water, neutralised with NaOH, and centrifuged 
until clear. The precipitation with ammonium sulphate was re- 
peated several times till the dissolved proteins did not contain any 
traces of chlorophyll and did not give a sediment even after the 
longest centrifugation. After precipitating the protein the super- 
natant fluid was quite clear and bright. At the end I brought 
„the dissolved precipitate to pH 4—42 by the addition of n/10 
HCL It is the isoelectric point at which the proteins. precipi- 
tated wholly (8). At the end of the purification the precipitate 
had a grey brown colour. When dissolved in water at pH 7 it 
gave a characteristic opalescent fluid, yellow or brown, more or 
less dark, according to the degree of its purification. 

2. Purification of the fluid. The dark brown and 
opalescent fluid, after dialysis of the fresh juice was divided 
into two fractions by the use of ammonium sulphate. 

1 fraction. The brown fluid was one-quarter saturated with 
ammonium sulphate (185 g per litre). The protein precipitated 
with difficulty, there was. much of it however. The supernatant 
fluid was dark, not quite clear, and remained for the second fract- 
ion. The precipitate was dissolved in water at pH 7 and centri- 
fuged until clear, then brought to pH 4 by addition of n/10 
HCl. This treatment produced a flocculent precipitate containing 
all the protein. This was repeated several times till the super- 
natant fluid was quite colourless and the precipitate dissolved 
in water at pH 7 did not give by centrifugation any insoluble 
precipitate. When the purification was over, the dissolved preci- 
pitate was yellow brown, opalescent, analogous to the protein 
obtained from a chlorophyll fraction. 


9* 
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2 fraction. The fluid which remained after precipitation of 
the first fraction was one-half saturated with ammonium sul- 
phate. The supernatant fluid was black, clear, without. protein. 
It was poured away. The sediment dissolved in water at pH 75, 
gave a somewhat opalescent, turbid and dark brown solution. : 
Next I caused the precipitation by bringing the fluid to pH 4 
with acid. This was repeated several times till the supernatant 
fluid was quite colourless. At the end of the purification the fluid 
was more dark than that in the first fraction and much more 
clear. 

Third method. Green, fresh plants were crushed with 
a meat grinder, treated with 2°/, NaCl and then centrifuged. 
The sediment was watered once more with 2°/, NaCl and cen- 
trifuged again. All the juice was treated with HCl saturated to 
2°/, of the whole amount of the liquid. In this way all the se- 
condary phosphorus compounds were immediately eliminated. The 
precipitating of the proteins with high saturated HCl was done 
in the works of A. Chibnall (20). The precipitated fluid remained 
24 hours. Then a lot of grey green sediment was centrifuged. 
The supernatant fluid brown and turbid did not show the presence 
of protein. After dissolving it in water at pH 7:5 the insoluble 
parts of the precipitate were centrifuged. The precipitate was 
washed of with 2°/, NaCl at pH 75. Both fluids were poured to- 
gether and their protein precipitated with half saturated (NH,), SO. 
In the supernatant fluid CCl,COOH did not show any traces of 
protein. From the precipitate, after dissolving it at pH 75, the 
insoluble parts were centrifuged and then they were purified 
many times by reducing this fluid to its isoelectric point at 
pH 41—42 and dissolving by turns at pH 75. This was re- 
peated several times till the precipitate was of a grey brown 
colour and till it gave after being dissolved in water at pH 7 
a strongly opalescent and yellow fluid. 

The third method was the easiest and the quickest and for 
that reason was the one I most often used for getting proteins 
from the plants being under investigation. 

The plants watered with ammonium molybdate, 3g for a pot, 
gave in this degree of purification 0'5?/, of examined substance 
in proportion to the dried mass of the plants. 
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3. Behaviour of healthy plant sap 


In order to get the proteins from the normal healthy plants 
all the three methods were applied. To show the differences 
between the juice of the healthy plant and the juice of the plant 
watered with ammonium molybdate, which were seen even during 
the extraction, I am going to describe the course of the purification 
of the proteins from healthy plants by the second method. 

The fresh juice after dialysis showed the chlorophyll sediment 
to be several times smaller than the juice of the plants watered 
with ammonium molybdate. The precipitate was strongly green 
and compact. When dissolved in water the liquid became turbid 
with suspension of the insoluble bodies. The CC1,COOH showed 
a small amount of protein. The precipitate was not purified 
further. : 

The purification of the supernatant fluid. The 
dark and clear fluid was divided into 2 fractions with (NH,), SO,. 

Fraction I was obtained at 1/4 saturated (NH), SO,. The precipit- 
ate after dissolving gave a dark, brown, clear fluid. The black 
supernatant fluid remained for the second fraction. The precipit- 
ate was dissolved in water at pH 7:5, then brought to pH 4— 
45. The protein precipitated at the isoelectric point more easily 
than when using (NH,) SO, or CC1,COOH. But the admixtures 
are more difficult to separate in this case. The protein in the 
juice of healthy plants is very easily subject to denaturation. 
Its isolation is therefore much more difficult. An exaggerated 
alkalising changes its structure. From the same green mass of 
healthy plants the amount of protein was much smaller than in 
the case of the plants watered with ammonium molybdate. The 
purification by this simple methods does not give proteins 
with a high °/, of N. I obtained it from all plants being in ex- 
periment as potato, tobacco, tomato, capsicum, phlox, cucumber 
and rye. The percentage of N was most often 10—11°/,. In some 
cases it reached 14°/,. 

II fraction. I obtained it by precipitating the fluid which re- 
mained after separating the fraction I with half saturated (NH,), SO,. 
I could not obtain in this case the proteins with a high percen- 
tage of N. This fraction had a lot of substances which I could 
not separate. ; ) 
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4. Properties of the substance obtained from the juice of the 
plants watered with ammonium molybdate 


The purified proteins, obtained with the different methods de- 
scribed here, from plants watered with ammonium molybdate, did not 
differ from each other with regard to their physical and chemi- 
cal properties. Only the second fraction described in the second 
method differed from the cardinal type. Similarly the difference 
between the proteins of different species as potato, cucumber, 
tomato, capsicum and rye did not appear. 

The characteristics of this newly obtained substance were as 
follows. When dissolved in the neutral solution we get a yellow 
brown, strongly opalescent fluid. Contrary to the proteins obtained 
from normal plants it did not denaturate. If it happened to be 
overalkalised its properties did not change. When strongly 
acidified with 2°, HCl it remained also unchanged. In the case 
of a strong acidifying with 2°/, glacial acetic acid the sediment 
dissolved entirely (one part of the saturated solution of the pro- 
tein and 4 parts of glacial acetic acid). The isoelectric point is 
at pH 4—41. In this state of acidity it precipitates completely, 
according to the degree of its purification, as a bright or a little 
darker, yellow brown precipitate, which after drying grows 
brown. 

It is not susceptible to tryptic digestion. When kept at pH 
1:5—8 and 38° C with 1°/, commercial trypsin during 4 days it 
was not destroyed. 

All these properties of the obtained substance make it easy 
to separate it from fresh juice and any precautions which were 
necessary at the extraction of the normal protein are in this case 
unnecessary. 

This substance precipitates easily from the solution with all the 
reagents which precipitates the proteins as: (NH,), SO,, CC1, COOH, 
the phosphomolybdic acid, tannic acid, acetates of lead, iron, cop- 
per, mercury etc. The dried precipitates when burnt smell like 
burnt feathers. 

From the characteristic color reactions for proteins, the posi- 
tive results gave only these which are characteristic for individual 
amino acids. I did not succeed in obtaining biuret reaction cha- 
racteristic for the linkage of amino acids. The yellow brown 
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colour of the obtained solution disguises the violet colour of the 
biuret test, but the: parallel experiment done with proteins co- 
loured alike gave quite distinctly the biuret reaction, and so 
the results obtained in this case must be considered to be nega- 
tive ones. 

Positive results were obtained with the following color re- 
actions: 

1. Xanthoproteic reactions. When our substances are treated 
with strong nitric acid, a yellow coloration is produced. If an 
excess of ammonia is added, the color is changed to orange or 
orange red. This is a test for tyrosine. 

2. Millons reaction for tyrosine gave a white precipitate, 
which after heating grew red-brown. 

3. Adamkiewicz's or Hopkins-Cole's reaction for tryptophane. 
When our substances are treated with one volume of concentra- 
ted sulphuric acid and two volumes of glacial acetic acid, a red- 
dish-violet color is produced. 

4. Voisenett reaction for tryptophane. 2°5°/, formol with 
saturated HCl gave a violet color after adding some drops of 
0:05°/, NaNO.. 


5. Chemical composition 


The proteins as colloids appearing exceptionally as crystals 
are substances which can hardly be obtained in a quite pure 
state. Their chemical composition is most often the test of the 
degree of their purification. The protein substances obtained by 
me, were analysed in regard of N and P during the purification. 
N was indicated by micro-Kieldahl, P by a colorimetric method 
of Copaux (30 p. 47). 

For a comparison I give the results of analyses of the sub- 
stance obtained either from plants watered with water, or of the 
plants watered with ammonium molybdate. I took in consi- 
deration the different doses of molybdate and the various ages 
of plants in which the watering began. 


N 5 
Phlox wenn WAP, .. 24. « 6 : . à ron 109 DÄ o1. Té 
> Ee Molybdate .*..... 114 °/, 0:450/, 
Tomato  » "uud XP^ "Un S PALI e Dun A ke e el 0*089/, 


> > » 3g of molybdate '..... E de 0:7 % 
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Tobacco watered with water ....... es beetle EAN 
> » » 4 g of molybdate WOMEN FO IR 0:65°/, 
Cucumber » PMV OMOD Een exl EI AE 0-1 9% 
> > E of molybdabe ` Oe wee EN A 0:16°/, 
> ^ rt p » Dire Vos De A RL OURS 0:34°/, 
» > » 23g» PAT veut rohr TEBLA 0:4 % 

» > > 4 S » » 

in time of blooming s .... 11:555 0:229, 
Potato var. Nr 41956 watered with water . . e ... Ehe Aë (EL 24. 
> > er > 2 g of molybdate . . . 116 % 0°36°/, 
Potato var. 41956 watered with 3 g of molybdate . . . 119%, 0°36°/, 
Potato var. President watered with water *. . . . . . 11 % 01:94 
, » » » » 1g of molybdate . 108 °% 0:16% 
» > > > » 3 go» » ^" 13:32°/, 0:45?/, 


With the help of this table we arrive at the following conclu- 
sions: f 

1. The proteins obtained from the plant watered with ammo- 
nium molybdate have a 2—6 times greater percentage of P than 
the normal proteins. 

2. The percent of. phosphorus depends on the dose of mo- 
lybdate. 1g of molybdate for one pot does not cause any 
change in the percent of phosphorus. This is a dose which 
does not cause any exterior symptoms in the plants. 2g of mo- 
lybdate for a pot causes a cardinal increase of phosphorus in 
protein compounds. At 3g the percent of phosphorus in exami- 
ned compounds reaches its optimum. A further increasing of 
the dose does not cause any further change. | Son 

3. The age of the plants has a cardinal influence on the 
increasing of the percent of phosphorus in protein compounds. 
The younger the plant is when the watering has begun, the 
quicker we obtain high percent of P in protein compounds. At the 
same time the exterior symptoms of the disease are more di- 
stinctly seen. In the case of plants watered with molybdate du- 
ring their blooming the percent of P in their protein compounds 
does not increase at all. 

I have done an interesting experiment with potatoes grown 
from tubers deriving from plants watered with ammonium 
molybdate. If the plant grown from that .tuber was watered 
only with water, its proteins did not showa larger percent of P than 
that of normal plants. If it was watered, when young, with molybdate 
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to 1g for one pot, the characteristics of its protein compounds 
changed similarly to the plants from healthy tubers at the dose 
3 g of molybdate for one pot. It is shown in the following 
table: 


N B 
Potato var. President grown from the tubers deriving from 
the plant with molyb. watered with water . 11 %, 0:16?/, 
Potato var. President grown from the tubers with molybd., 
watered with molybd. to lg ....... 131%, 0:46?/, 
> » > > > VIE. BRO dle 4 sit 9 mA 0°74°/, 


To realise that the */, of phosphorus is really higher in the exam- 
ined substance, I had to examine this phenomenon more criti- 
cally. I had above all to make sure whether P found in such 
a high °/, did not belong to P soluble absorbed secondarily by 
the protein compound. This compound was dialysed in the celluloid 
pipe in 2°/, HCl, during 48 hours. After dialysis in the neutral- 
ised solution, the protein was. precipitated and showed the °/, 
of P unchanged. When the 5°/, HCl was used in the dialysis 
the precipitates of the protein were slowly dissolved after 24 
hours and a coloured solution came out of the pipe through the 
membrane. It means that the protein was partially hydrolysed. 
After 48 hours the rest of the protein precipitated in the neutral- 
ised solution, showed a somewhat decreased °/, of P (about 1°/,), 
this was caused in this case by the partial decomposition of the 
substance. 

As the high °/, of P was one of the most characteristic pro- 
‘perties of our substance, to demonstrate that it is not a contami- 
nant, I determined the whole amount of P dissoluble in the fresh 
mass of the plants. I used Koeler’s and-Majewski’s method 
(25, 28). 

The leaves and young plants dried to a constant weight at 
100° C were pulverised and analysed for P, taking several tests 
from every material. At the same way ‘they were treated with 
1°/, HCl in proportion of the mass to liquid 1:50. After 24 
hours the acid was filtrated quantitatively and the P contained 
in it was examined colorimetrically. From all the analyses done, 
only 6 are preserved. These are they: 
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B P 

whole so- Diffe- 

V i , uble rence 
Phlox watered with water. 21. 2) ANN -Se wp 0:43°/, 0:4 °/, 0:003%, 
» » ». 9M ePmmolbüd. 2... ee 0 008 98327, DUN E RA 
Cucumber » a "uico. lo Xr URGE. 0327, 008.27, - 9:02 9, 
» > x de molybdi . 7300700 4308 0-450)5-50'805%,001 07, 
» > ey DBPmoólybd 5 WE A E Aw 0.44%, 03%, 014% 


Cucumber blooming, watered with 2 g of molybd. . 0°29°/, 0:229/, 007 %, 


These analyses show the diminishing of the amount of dissol- 
ved P in the plant if it is watered with ammonium molybdate 
to 2—3 g for a pot. The old plants watered in the stage of 
blooming had a larger °/, of soluble P. 


6. Whole chemical composition of the examined substance 


Whote chemical composition of the examined substance, ob- 
tained from potato var. President watered with 3g of molyb- 
date for one pot was as follows: 


C H N È O 
520, ' rant ‘133% "0459, ' 20%, 


The result of the qualitative analysis concerning sulphur was 
negative. 

The most striking was the lack of the carbohydrates in our 
substance. I did many times the naphthol reaction and it gave 
always a negative result. The traces of carbohydrates appeared 
only when the compound was not pure enough. The presence of 
some amount of the carbohydrates was found only in the second 
fraction of the method II. This fraction even in its physical and 
chemical characters differs much from our substance. 

The lack of carbohydrates showed that this compound could 
not be a nucleoproteid, although it had a percentage of P ana- 
logous to that in virus nucleoproteids. To eliminate this possib- 
ity some analyses were done to âscertain the presence of 
purine bases, The results of these analyses were always negative. 

As our substance did not give the biuret test characteristic for 
polypeptides and amino acids union, in spite of others peculiar- 
ities, characterising proteins and in spite of the similar chemical 
composition, I had to demonstrate that N exist in this compound 
in the form of the amino group NH,. To realise that, I used 
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Van Slyke's method. For this purpose the saturated solution of 
our substance was hydrolysed. To 10 em of the saturated solution 
I added 10 cm of saturated HCl and then heated it to 100° C. 
The hydrolysis was very difficult and it was not finished till 
after 24 hours. After neutralising the solution with NaOH, 
CC1,COOH precipitated a little tufted proteins sediment. In 
the hydrolysed solution I realised with aid of Van Slyke’s appa- 
ratus the presence of amino group N. Its percent in propor- 
tion to the whole amount (13°/,) was small and reached scarcely 
1:39/. Supposing that this substance was not entirely hydrolysed, 
the percent of amino group N was rather small. This fact ma- 
kes me suppose that this compound is not a homogenous protein, 
but a simple one, containing not only a protein but also other 
organic compounds. 

, It remained "an important problem whether this compound 
contains molybdenum or not. Many times repeated analyses gave 
negative results. 


7. Further purification and analysis of the examined substance 


The further purification of this substance was done by fine 
fractionation and by treating it with trypsin. For further puri- 
fication I took the material obtained by the method III from 
potato var. President, cucumber, phlox and potato var. 41956. 
All these plant got 3g of molybdate. Once more the protein 
was precipitated by adding (NH,),SO, to '/, of its saturation (18 g 
for 100 cm of liquid). The precipitate was dissolved in water at 
pH 7:5 and was divided into 4 fractions by adding by turns smaller 
and smaller doses of (NH A, SO. 

I fraction. The protein was precipitated by adding 9g 
(NH,),SO, to 100 em of the liquid. The precipitate was separated as 
fraction I. 

II fraction. The precipitate which remained from the fraction 
I was dissolved and precipitated by adding 4 g (NH,), SO, to 
100 em. The supernatant fluid was examined as fraction II. 

III fraction. The precipitate which remained from the fract- 
ion II was dissolved and the protein was precipitated in it by 
adding 2g (NH,),SO, to 100 em of liquid. A small precipitate 
was formed and remained as fraction IV, while the fluid was 
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examined as fraction III. These 4 fractions differ from each 
other. The fraction I was a liquid, a little darker brown and 
clear enough. The next fraction was a more yellow and more 
opalescent liquid. The fractions III and IV did not differ, neither 
in their physico-chemical characters nor in their exterior. The 
fractions III and II were submited to the action of trypsine. 

To 100 cm of alkalised liquid 0:2 g of commercial trypsine 
was added and kept warm at 38° C during 48 hours. Then it 
was centrifuged and the supernatant liquid was purified many 
times by bringing it to pH 4 and alkalising to pH 75. The preci- 
pitate dissolved in water at pH 75 and centrifuged until clear, 
was a liquid, of bright yellow colour and strongly opalescent. 
The chemical analysis showed the diminished °/, of N and the 
increased °/, of P. The results are as follows: 


After fract. and trypsin Befor fract. 

; % N v^ p % N V^ P 
Potato var. President nee tu 7 0:57 13 0:45 
PRIOR EE WC Beer US 76 0:5 11 0:45 
T'obabeois QUE. iE EN TNNT. a M ae 9:6 0:18 10:4 0:65 
Güeumbert MALO GRADE TO ITA 6 0:56 10:9 02 
Potato var 41956. 2135. E mo wow s 8 0:48 116 0:36 


With regard to its physical and chemical properties this 
compound had all the properties found already earlier: 

1)It gave all the reactions for proteins, except the biuret test. 

2) The lack of carbohydrates and of sulphur. 

3) The isoelectric point between 4 and 42. 

4) 5°/, HCl did not diminish the °/, of P. 

5) It is resistant against trypsine and strong alkalies. 

In order to examine whether P in such a high °/, is not linked 
in our compound as in the proteins of the cazeine type, it 
was alkalised with NaOH, adding it in proportion to 1?/, NaOH. 
After 24 hours the protein was precipitated by reducing the pH 
to 4:5. Both the chemical composition and the characteristics of 
this compound remained unchanged. 

The fact that the further stages of purification diminished 
the °/, of N in our compound, proved that it is not a pure protein. 
Its components could be lipoidal substances, but the extraction 
in the Soxhlet apparatus did not give any positive restilts. The mə- 
thod recommended by Przylecki was then applied. 


rr F Y nrn Nn I 
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A strongly saturated preparation, containing about 4°/, of 
solids was poured with 40 cm of absolute alcohol in a tempe- 
rature of 0°C. Immediately in the liquid the protein particles were. 
precipitated and the alcohol grew yellow in consequence of the 
lipoid compound dissolved in it. The protein sediment was cen- 
trifuged off. The precipitate was not denaturated and after washing, 
it dissolved in water as a clear brown solution precipitating with 
any reagens characteristic for proteins, and giving the positive 
Millon- and xantoprotein reaction. The supernatant alcohol was 
distilled off and the sediment was dissolved in ether, giving 
a characteristic yellow coloured fluid with a small amount of 
indissoluble substance. The solution of ether was examined with 
regard to presence of lecithin by treating it with 10°/, solution 
of ammonium molybdate and concentrated H,SO,. After 24 hours 
there appeared the dark blue colour, characteristic for lecithin. 

Our compound is also composed of lipoids and proteins or 
polypeptides. Then it is symplex-compound: lipoproteins or lipo- 
polypeptides, formed in cells of growing plants in a high amount 
as a result of an overdosing of molybdenum in the soil. 

After ascertaining this fact I made a quantitative determina- 
tion of the proportion of the lipoids and proteins in the disco- 
vered compound. 

After separating the lipoid from the protein with aid of abso- 
lute alcohol, the protein sediment was once more washed off with 
alcohol and then dried after distilling off the alcohol. It appeared 
that this method could be used to separate not only the purified 
lipo-protein with a small °/, of N, but also that obtained in an 
earlier stage of purification, when N reaches 13°5°/,. 


The following table shows the results of these analyses: 
Potato var. President (3g of molyb.) purified lipo-protein 


KC Th AP = 057 
lipoid 51°%/, proteins =: 49, 


Potato var. President (3 g of molyb.) lipo-protein before fractionation 


%N = 135% %P = 046%, 
lipoid = 30%, proteins = 70%), 
Potato yar. President (2 g of molyb.) lipo-protein before fractionation 
JN = 105%, %P = 096, 
lipoid = 40°/, proteins = 60% 
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Potato Nr, 41956 (3g of molybden.) partially purified lipo-protein 


N= 83%, ‘AP = 026%, 
lipoid = 34°/, proteins = 64% 
Phlox (3g of molybdate) purified lipo-protein 
HN — 70, PP = OMS), 
lipoid = 49%, protein = 51%, : 
Tomato (3g of molybd.) purified lipo-protein 
AN = 8%), EP = 04% 
lipoid = 45%, proteins = 55%, 


These analyses showed, in the case of purified lipo-proteins, 
about equal parts of the lipoids and. the proteins. This propor- 
tion agrees with the supposition, as to the structure of symplex 
compound. In the case of lipo-proteins, the particles of proteins 
are surrounded by a coat of lipoids, which makes up 50°/, of its 
whole mass. In this case the chemical und physical qualities of 
the examined compound are to be understood more easily. The 
particle of proteins separated by a layer of the lipoid does not 
‚submit to the direct action of the enzymes of digestion, strongs 
acids and strongs alkalies. It does not give also the biuret test 
characteristic for the linkage of amino acids. 

When in our compound the °/, of N is greater and the °/, of 
P is smaller, the proportion of the lipoid in the protein changes 
according to the table. In this case the °/, of the lipoid decreases 
and the °/, of the proteins or another azotic compound increases. 
This proportion changes with further purification. The smaller °/, 
of P in our compound, obtained from the plants watered with 
molybdate in the older stages of growth, is a proof that in 
this stage the plants form a smaller amount of lipo-proteins under 
the influence of molybdate. 

The lipoids extracted from all plants under investigation, 
were analysed with regard to N and P. Its composition is 
constant. The few differences were caused, without any doubt, 
by a less or more accurate separating it from the proteins. The 
pure lipoid had a yellow opalescent colour, in an alcoholic solution, 
greenish if with some admixtures. 


: : 
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The results of the analyses were as follows: 


Lipoids obtained from : %N SE 
Phlox (Ge een N VT E n A 0°13°/, 
Some) ts eu ru SI u.s. BO 0:2 */5 
Tomato Èg EE nde Naas te 2% 0:12°/, 
Potato President (3 g of. molybd) . ..... “Vit 4. 4. RODE 0-09°/, 


Potato Nr. 41956 (3g of molybd.) greenish tint .... 31% 0:05?/, 


These results are in general similar to the data known for 
lipoids extracted from different healthy plants. They oscillate 
in rather large limits. According to Webster the lipoids extracted 
from the seeds of corn, contain from 0'(—1:6"/ of N and 
0:5—1:6%/, of P (45). According to Guerrant the percent of P in 
the lipoids of the various seeds = 0:01—0:14*/, (24). 

The smaller °/, of P in the lipoids shows, that in our lipo- 
protein, P in its greater part must be connected with the rest 
of the proteins. The rest must, after the separation of lipoids, 
contain the greater part of N and P. Unfortunately the chemical 
analysis of this substance is very difficult. This compound, 
possessing a protein character, is not stable and changes du- 
ring its extraction, therefore the results of the analyses do not 
agree with each other. Drying the precipitate in the vacuum at 
a temperature of 50? C, I succeeded only once to get from the 
lipo-protein, containing 1?/; N and (Aën, P, a protein rest with 
12°/, N and 0:58"/, P. The chemical composition and properties 
of this protein remain a problem, requiring further investigations. 


8. Summary of chapter I 


1) The fresh juice pressed out of plants, watered with ammo- 
nium molybdate, showed a decrease of pH about 0:5. Only cu- 
cumber, the juice of which is alkaline, showed in these conditions 
a stronger alkalinity of its juice. All these juices had higher 
buffer power than the juices of the plants watered with water. 

2) Adapting the methods used by many workers for the iso- 
lation of virus proteins, I got from the plants, watered with 
ammonium molybdate, a compound which showed some new 
properties and which made 0:5°/, of the dried mass of the plant. 

3) The properties of this substance were as follows: a) in 
solution it gave a yellow brown, strongly opalescent liquid, 


In ora ni 
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b) it precipitated with all reagents which precipitate proteins, 
c) it showed positive xanthoproteic, Millon, Adamkiewicz and 
Voisenett reactions, d) it did not give the biuret test, e) it was 
resistant to the action of the enzymes of digestion, strongs acids 
and alkalies, f) its isoelectric point is 4—42 pH. 

4) Analytical compositions of this substance were as follows: 
N = 10—13, P = 0:3—0:65%,, C = about 52°/,, H=74%,0= 
214. 

5) Lack of carbohydrates and sulphur and of any traces of 
molybdenum. 

6) It showed the same properties, regardless from what plant 
it had been obtained. The amounts of phosphorus in our substance 
depend on the dose of molybdate and on the stage of development 
in which the plant was watered with molybdate. The plants wa- 
tered during their blooming gave smaller ?/, of P in this 
substance. 

1) Several analyses were also done paying attention to the 
whole and soluble amount of phosphorus in the dried mass 
of the plant. The plants watered with molybdate, had several 
times less of the soluble phosphorus than plants watered with 
water only. 

8) A fine fractionation with ammonium sulphate and further 
incubation with trypsine diminished 1n, this substance the amount 
of nitrogen and inereased the amount of phosphorus. Its average 
analytical composition was: N = 76°), P = 0:57°/,. 

9) The absolute alcohol in a temperature of 0°C, in the propor- 
tion: 1 part of saturated solution to 4 parts of the absolute alco- 
hol, decomposed this compound into lipoids and proteins or poly- 
peptides. Thus it became confirmed that this substance is a symplex 
lipoprotein. 

10) In the purified lipo-protein the lipoid makes 50°/, of its 
mass. The particles of the proteins are sourrounded by it. That 
explains its resistance against enzymes of digestion, strongs 
acids and alkalies. 

11) The smaller °/, of phosphorus in the plants watered with 
molybdate in their later stages, shows that they form less 
lipo-proteins. 

- 12) The lipoids extracted from different species of plants, show 
the same chemical composition: N = 13—2:3°/,, P = 0:09—0-2*/, 
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CHAPTER II 


Serological investigations 


The experiments made with plants in pots showed that the 
changes produced in plant organism by molybdenum are connected 
with their resistance to infection. 

The species resistant against the virus diseases were found to 
be only slightly subject to the influence of high doses of ammo- 
nium molybdate. 

This interesting phenomenon suggested me the idea of a more 
exact examination of the lipo-protein formed in plant cell under the 
influence of molybdenum. I wanted to ascertain whether the virus 
nucleoproteids had some similar serological properties as those ob- 
tained in the lipo-protein experiment. 

For these experiments I chose two virus diseases: virus »X« 
and tobacco »mosaic« virus. These two virus diseases are those which 
are easily transferred on plant species not related systematically. 
Besides they are the most known as far as their chemical and 
serological properties are concerned (18, 19, 23). 

Tobacco mosaic in dried. leaf of tobacco and potato virus X 
_in a tuber of var. President I have got as pure line of viruses 
from Kenneth Smith from England. 

In isolated green-houses these viruses were inoculated on cu- 
cumber, Zinnia, Petunia, Capsicum etc. It is most easy to transmit 
mechanically virus X on Capsicum and from this plant it was 
the most often extracted. 

The tobacco mosaic was extracted from numerous species, 
principally from tobacco. Purification of tobacco mosaic was 
continued till entire cristalisation, so that for serological investi- 
gation the material was quite pure, without any impurities. Virus 
X was purified with Bawden and Pirie method (5). The solution 
was light grey and gave the double refraction of flow. 

In order to eliminate the influence of admixtures of the pro- 
teins proper to this plant species I have selected for this test virus 
proteins, obtained from plants not related to the species from 
which the lipo-protein was extracted (29). 

The proper antiserum virus » Xe and antiserum tobacco »mosaic« 
was obtained in normal way by intravenous injections to rabbits 
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every second day. 2 cm? of infective sap was injected each time during 


3—4 weeks. Ten days after the last injection the serum was 
taken. 


1. Preeipitin reaction 


The first experiments were done with antiserum, obtained 
from virus »X«, derived from Capsicum used as antibody and 
with fresh juice pressed from potato var. President, watered with 
ammonium molybdate used as antigen. Sap from healthy 
plants, watered with water only, was used as control. The sap of 
all these plants after clarification by centrifugation was taken 
immediately for the serological tests. 

The precipitation tests are made in thick-walled, ^7 mm glass 
tubes, 0:2 cm? of antiserum being mixed with 0:2 cm? of antigen solu- 
tion. The antiserum is used at a constant dilution in all the tubes 
and the dilution of antigen varied. All dilutions were made in 
0:85°/, NaCl solution. The results were as follows: 


TABLE I 
Virus »X« antiserum from Capsicum 
Dilution of antigens: 1:4 1:16 | 1:32 | 1:64 
Antigens: Virus »X« from Phlox Gra +++ +++ +++ LLL 


| 

| 
Sap of the healthy Phlox E np T iy 
President 5 g of molyb. wier 


— | ——— |] ———— 


Healthy President 


+ signs indicate the degree of precipitation, +++ a bulky precipitate, 
— no precipitation. Read after 24 hours. 


Three minutes after setting the precipitation, before mixing, 
in the line of touching of both liquids a light ring was seen. 
After 24 hours in the test tubes the bulky flocculent precipitate 
was formed. Tobacco mosaic antiserum did not give this phenomenon. 

After some days the precipitin reactions, concerning the juice 
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of potato v. President watered with 5g of ammonium molyb- 
date with antiserum virus »X« diminished greatly in strength. 

Purified lipo-protein showed with the virus »X« antiserum 
a weak precipitin reaction. As these lipo-proteins give a strongly 
opalescent solution the precipitin reaction was not in general too 
clear. For a more exact and universal examination I chose the 
complement fixation as a more sensitive reaction. Further exam- 
ination showed that the diminution in strength of the precipitin 
reaction does not decrease the fixation of the complement. So in 
the case when the results of pgecipitin reaction were uncertain, 
the complement fixation was absolutely doubtless. 


2. Complement fixation 


The experiments are divided into two parts. First, the anti- 
gen and antibody under test are mixed and the complement added. 
The mixtures are allowed to stand for one hour, for the fixation 
of the complement to take place. Then, washed sheep corpuscles 
and the haemolytic amboceptor are added. After mixing, the 
fluids are kept at 37°C and frequent readings made on the de- 
gree of lysis of the blood cells. As in the precipitation tests, the 
complement fixation experiments should be carried out over 
a range of antigen and antibody dilutions, for zones of optimal 
reaction are obtained, excess of one or the other component greatly 
inhibiting the fixation of complement (2). 

As the lipo-protein, obtained in the experiment, had in the 
highest concentrations strong non-specific qualities of stopping. 
the haemolysis, it was taken in our experiments in high dilution, 
about 1 pro mille. After the titration of complement the dilution was 
always 10—20 times higher. As control of the normal serum, 
negative Wasserman's serum and saline was used. As antigen, 
besides the typical lipo-protein obtained from plants, watered 
with great doses of amm. mol., in order to have a comparison 
I have always use the proteins, obtained from plants watered 
with small doses of ammonium molybdate, as 1g for a pot 
and from normal healthy plants. Besides the antigen proper to 
the antiserum, in this case virus »X« extracted from Capsicum 
was always taken. ; 

The results were the following: 

10* 
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TABLLE II 


Potato »X« virus antiserum obtained from Capsicum annuum 


Dilution of antiserum: | 1/5 | 1/10 | 1/20 | 1/40 | 1/80 | 1/160 | 1/820 se 
Antigens: 
Cucumber (healthy). . . . . . . . c — — — — = — = 
Cucumber 1g molyb. .. . ... + + = -a — = E — 
Cucumber 2g molyb. ...... +++ | +++ + + + = — = 
Cucumber 3g molyb. ...... +++ | +++ | +++ | ++ + + aie =e 
Cucumbér 4g molyb. ...... +++ | +++ | +++ | +++ | ++ + + e? 
Phiox (healthy). 5. CG ur x — _ -— = = geg = = 
Phlox 3 @ .molyb. 0.09. 23... +++ | +++ | +++ | ++ ++ + — o 
Tobacco (healthy) . . . . 9... — ` — IE cm ==: = ite 
Tobacco 2 g-molyb. = ... « « « . ++ +-+ + + + — — m. 
Tobacco 3g molyb. = 2.5... +++ | +++ | ++ + + + — = 
Tobacco £g molyb. . . . . . . . +++ | +++ | ++ + + + — = 
Tomato (healthy).-. . . . ss. . — — — — — —- — — 
Tomato Beimolyb. „=. v4 . +++ | ++ | +++ | ++ + + — — 
Potato v President (healthy). . . — = — — ~ — = — 
Potato v. President 1g molyb.. . — — — — — — — Fa 
Potato v. President 3g molyb. . . | +++ | +++ | +++ | H+ ++ + + = 
Potato nr. 41956 (healthy. . . . . — — — == = = = = 
Potato nr. 41956 3 g molyb, +++ | +++ | T MI ++ ++ + śm = 


Potato »X« virus from capsicum . | +++ | +++ | +++ | +++ +++ ++ ++ 


— indicates a tube in which haemolysis was complete, 
+++ there was no haemolysis 


Normal 
serum 


1/5 


negat.serum 


1/5 


Wassermans 
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Using tobacco mosaic antiserum the Ro in all cases 
was complete. 

The same was repeated with serum obtained from virus X-+Y, 
extracted from potato var. Green Mountain. In this case the anti- 
gen from potato was not used. The results were as follows: 


TABLE III 


Potato »X-+-Y« virus antiserum from potato 


Js [eg 
Dilution e wie hes. | 82 RIEF So |E dą 
of antiserum m = = = = |= SET Um ii 
A lid. 
Antigens: 
Cucumber (heal- 

thy vi Fe 2154 Me — — — — — ES SS, ee te GE 
Cucumber 1 8 mo- 

Lo ey T + — — — Sur Eun odi e 
Cucumber 2g mo- g 

EE E EEN |-|-|-|-| — 
Cucumber3 g mo- | 

bd. + EE 
Cucumber 4 g mo- 

WM HH | + h | — 
Phlox (healthy) . — — — Sa aca [s - CAR Bait, 
Phlox 3 g mo- 

MR HH ++] + |+H-|-| — 
Tobacco  (heal- j 

TUN — — — — ner [OE EB ioa 
. Tobacco 8 g mo- 

GER NEE + | + |+|-|-|-| — 
Potato XY Y« 
virus. . IH een Ss) sch 


The same experiments were repeated with antisera obtained 
from Phlox with virus »X« and from Dahlia infected with virus 
»X«. In both cases the results were identical and agreed with 
the two first experiments. These results prove the specific sero- 
logical properties of the lipo-protein, formed in plant cells by in- 
fluence of molybdenum. 

At the dose 1g of molybdate for a pot the protein extracted 
from the plant juice does not show with antiserum virus »X« 
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any stopping of haemolysis. The lipo-protein is not yet formed. 
This phenomenon appeared only with the juices of plants which 
had obtained 2g of ammonium molybdate for a pot, that is to 
say when the lipo-protein was already formed in the plant. With 
a dose of 3 g of molybdate the reaction is stronger. In one case only, 
when for this experiment were taken tubers of potato derived 
from the plants watered last year with big doses of ammonium 
molybdate, the characteristic serological reaction appeared at once 
after geting 1g of molybdate for a pot. The results were as 
follows: 


TABLE IV 


Potato »X« virus antiserum from Capsicum 


| ojoj 3 : 
E I e o o o Je ES g 
Dilution of antiserum = = a | SLES les = 
E D 
| zZ 
Antigens: 

Potato v. Pres. derived from 
tubers! with mol.. . . . .: . — — — zg] c eo ee 

Potato v, President from tubers 
with mol, 1g molybd. . . . +++ 444 +++ +++ — | — 


In the chapter II I ascertained that in this case, with a little 
dose of molybdate, the typical lipo-protein, containing a large 
percent of P is formed at once. 

The observation of pot cultures confirmed that the plant 
reacts to molybdenum only during the time when it is watered with 
new doses of ammonium molybdate. The young buds of tobacco 
developed on the plants which were no longer watered with molyb- 
date did not contain molybdenum in leaves, although the soil had 
some amount of it as yet. The basal leaves could not be infected 
with mosaic while the upper ones were subject to infection. Anti- 
gens obtained from the basal leaves and from the upper leaves 
gave with virus »X« antiserum the following results: 
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TABLE V 


Potato »X« virus antiserum from Capsicum 


| sig 

ER 

Rowi o © o ojole Q|Sż| 8 

Dilution of antiserum - a | 2 ISIS IS les! = 
m m [m |m [>] 

weltall ||| E 

ez 


Antigens: 
Tobacco 4g molybd. basal leaves, 
2 last months watered with water 


| 
25 Exp ICAO DUE D eem BEER ae S 


Tobacco 4 g molybd., 21ast months 
watered with water, upper leaves — 


One of the essential properties of the lipo-protein is its im- 
munity against the enzymes of digestion. The serological experi- 
ment confirmed that entirely. The course of the experiment was 
the following: 


I. Lipo-protein, the composition of which was N = 13°/, and 
P —04*/ was strongly alkalised and placed in the temperature of 
37°C with 0:29/, of commercial trypsine. After 4 days the remainder 
of the trypsin was centrifuged. In the supernatant fluid the 
` protein was precipitated with CCl,COOH. and centrifuged. The 
precipitate and supernatant fluid were examined serologically. 


TABLE VI 


Potato »X» virus antiserum from Capsicum 


| g| B 
a E 
BĘ s |e s Isisisigitz = 
Dilution of antiserum > = ew a U E A 
xs T Kal M |m || 0 
vm IE TEL SE 
ez 

Antigens: 
+ — | w — 


Prespuste. a. 4 - b wl 213 > RE ti 
Supernatant fluid. . . . . . . . — AM En 


MR 
| 


| ai f A TA) 
VIII. JZIi KA, KM) 
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II. Lipo-protein remained with trypsin 7 days. The hydrolysis 
did not run to end. The results of the serological experiment were 
as follows: 


TABLE VII 
Potato »X« virus antiserum from Capsicum 


RARECE 
u 2 
= © > oo 92|2|28 ¢ 
Dilution of antiserum R. mA. EŃ: BĘ & 22 E 
y — - | M per == d s E 
Bonet 
| | e| Z 

Antigens: | | | | | 
Preocimtatio t ue V eu. b Gus] SIM ++ te dni —|— 


Supernatant fluid. . . . . . . . » | — 


The next interesting problem was whether the lipoid, obtained 
after dividing the lipo-protein with the aid of absolute alcohol, 
gave complement fixation reaction in the same way. as the whole 
lipo-protein did. 

To obtain qualified results I had to be sure that the extracted 
lipoid is quite deprived of the remainder of protein. Therefore 
the extraction with absolute alcohol was repeated 3 times till no 
sediment was precipitated from the lipoid, dissolved in alcohol. 
One part of this solution was mixed with 2 parts of water giving 
an emulsion. The protein sediments, not denaturated, were dissolved 
in water. The results of the complement fixation reaction were 
the following: 


TABLE VIII 


Potato »X« virus antiserum 


e E 
-$ 2 
e e 5 1 © = 2 2 = EE n 
Dilution of antiserum SIR] SZJ z|8|5a| a 
; E 
Antigens: | 
LAPOT pA PO 00M E Ke ++) Fl=| —| — | — | — | des 
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Purified lipoid gave with »X« virus antiserum, a positive 
complement fixation reaction, but in a small degree. 


3. Getting of response antisernm for the lipo-protein 


It was very difficult to obtain specific antiserum for the lipo-protein 
being under my experiment. This lipo-protein injected to an 
animal appeared strongly toxic. The more purified and concentra- 
ted the lipo-protein was the more toxic was its influence. 

When purified lipo-protein had 13°/, N and 0:45°/, P and 
formed a yellow brown opalescent solution containing about 1°/, 
of solids, I did not succeed in getting the response antiserum. The 
rabbit died after the first injection or after 3 days at the second 
injection. Injections were painful and killed the animal just a few 
hours later. Exceptionally I succeeded in getting the specific anti- 
serum taking a more diluted liquid, giving 10 injections to 
a rabbit — 1cm? every second day. The animal grew lean and 
died after ten injections. I made many attempts to prepare the 
antigen which would not have toxic properties. Best results were 
obtained by the fresh plant extract in which the lipo-proteins were 
precipitated with ammonium sulphate (185g per litre) and the 
supernatant fluid was used for injection. This fluid contained 
about 0:01°/, of proteins. These injections did not have toxic pro- 
perties and formed in the same time response antibodies. The 
rabbit after 10 injections did not show any symptoms of disease. 
The serum taken 10 days after last injection contained antibodies 
cortesponding to the protein of the plant from which the anti- 
gen derived and antibodies of the lipo-protein. 

In this way I got the antisera specific to lipo-protein obtained 
from Cucumber, Phlox, Capsicum, potato and rye, watered with 
molybdate from 3 to 5g for a pot. These antisera gave very weak 
precipitin reaction. Good results was achieved only by the com- 
plement fixation. 

The results were the following: 
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TABLE IX 


Complement fixation by virus »X«, obtained from Capsicum annuum, 


as ant gen with antisera, prepared from lipo-proteins. 


| | i| 

Dilution of antisera = | = à > 2 z à EH 
Dare 

Antisera: | | i 
Lipo-protein (Phlox) . . |-+-++-++/ ++ | + | = | = | — 
Lipo-protein (Cucumber) . ++++++! ++ | + |+| 1 | — — 
Lipo-protein (Potato) . . |++4++/4++/++4+-+) +++ EE) + | | — 
Lipo-protein (Secale) . . +++ +++ ++ | + |+/=|-| — 
Virus »X« (Capsicum ann.) {+++ + +|- 
Normal antiserum ... — ot a hi | Kate | SELLE 


Complement fixation by lipo-protein, obtained from potatoes with molybdenum 


as antigen with antisera prepared from virus »X« and lipo-proteins. 


Dilution of antisera 


1/5 
1/10 
1/2 
1/40 
1/80 

1/160 

1/320 

Control 


Antisera: 


Virus «X« (Dahlia) . . . [HHHH HHH ++ HHHH + 
Yi ie (Dapsons) «Ea a ee ela HE ble | 
Lipo- protein (Cucumber) |4+++/4+++4+! +4); + |+|" | — — 
Lipo-protein (Secale) . . +++ GER +++ R = 
HHHHHH kl kl + 
Normal antiserum. . . . — — — — ES ER, LER 


| L- 


Lipo-protein (Potato) . . 


O 
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Complement fixation by normal healthy protein from Capsicum annuum, 
as antigen, with antisera prepared from lipo-proteins. 


SC ele olo|s 
Dilution of antisera 2. = aısı | 22|2|22 | À 
Ka m m - EWA MS ©) 
Y — LA 
‘Antisera : 
Lipo-protein (Phlox . . . . . . nę REA e Mos. Dee 
Lipo-protein (Cucumber) ... . | — | —|—|— | — | — | — | — 
| Lipo-protein (Potato) . . . . . . code dA DY j P> ME 
| Lipo-protein (Secale) . . . . . . EEG BE eer RER ren Ka 


Normak ARA ae UT FE 2: wr MNA, uvae c 


— Complete haemolysis 
+++ Tubes in which there was no haemolysis. 


4. Investigations of potato tubers 
Extracting of potato tubers’ proteins 


The proteins contained in the potato tubers were examined by 
me with a particular exactitude. To have an object of comparison 
I extracted always the tubers derived from plants treated with am- 
monium molybdate and in the same time normal healthy tubers. 

Normalhealthy tubers. The tuber was ground on the 
glass grater and 1°, NaCl was poured several times over it. 
The sediment was centrifuged. The turbid, opalescent superna- 
tant fluid contained protein with a strong admixture of amylum. I 
purified it as usual. First I precipitated it entirely with CC],COOH 
and centrifuged it. The precipitate was suspended in water, 
neutralised with NaOH and centrifuged until clear. The super- 
natant fluid was half saturated with ammonium sulphate, centri- 
fuged off, suspended in water, neütralised, and centrifuged 
until clear. The precipitations with ammonium sulphate were re- 
peated until the supernatant fluids were no longer brown. The 
resulting precipitate usually contained the whole protein, always with 
a great admixture of amylum. For further purification I brought the 
solution to pH 4-5 (isoelectric point) by the addition of 1/10 N 
HCl. The precipitate was dissolved in water at pH 7 and cen- 
trifuged until clear. Dialysis in current water in a celluloid pipe 
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during 24 hours caused further precipitation of the amylum sedi- 
ment. After centrifuging the fluid was a little opalescent, clear 
giving positivelly all reactions for protein. The dried precipitate 
contained: 

N = 105 — 1% 

P='0 — 002%, 

The tubers derived from plants, watered with 
molybdate. In the same way I obtained protein from potato 
tubers, derived from plants, watered with ammonium molybdate 
. from 3 to 5g for a pot. The dissolved precipitate was strongly 

opalescent and differed from the protein’ of healthy tubers, by 
a larger °/, of P. 
N = 102 — 11%, 
P= 03%, 

According to previous observations it had to contain lipo- 
protein as the leaves and stems. By many experiments it was shown 
that the lipo-protein was present in those tubers only, which 
were formed during permanent watering with molybdate. These 
tubers had a characteristic appearence: the skin was thick, brown 
and cracked. If the tubers were formed in the period when the 
plants were not watered with molybdate any more, their protein 
did not differ from the protein of normal tubers. 


5. Serological investigations 


The protein obtained from healthy tubers, purified with the 
above methods did not show any specific serological properties. It 
gives the precipitin reaction and complement fixation either with 
antiserum for response protein as with antisera for sap, derived from 
such plants as phlox, cucumber, capsicum or for potato virus »X«, 
tobacco mosaic and our lipo-protein. Further examination showed 
that these qualities are caused probably by the amylum which is: 
present in the protein extract. To separate it as exactly as possible, 
I used Seitz’s filter. I obtained at last a clear fluid without 
amylum in which there was a little amount of protein which 
gave characteristic reactions. Such a purified solution showed the: 
serological qualities proper to globuline extracted from stems and 
leaves of the healthy potato. In the same way I obtained at the 
same time the protein from potato tubers, derived from plants, 
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watered which molybdate. This protein has a higher °/, of P 
and gives a positive Millon’s reaction. With both these solutions 
I have done the following serological reactions: 

Precipitin reaction. The test are made in 7 mm glass tubes, 
0:2 em? of antiserum being added to 0:2 cm? of antigenic solution, 
all dilution being made in 0:85?/, NaCl solution. In the first 
hour I examined the preliminary ring, then the test tubes were 
thoroughly shaken and after 24 hours the sediment was éxamined.: 


TABLE X 


Ring test of lipo-protein and normal protein from potato tubers with 
tobacco mosaic antiserum, virus »X« antiserum and normal antiserum. 


Antiserum: 
Tobacco mosaic 
Time virus 


Normal 
antiserum 


Antiserum: 
Virus »X« 


Dilution of antigen 0:5 pro mille 
Lipo- protein| Normal nr. |Lipo- protein] No:mal pr. |Lipo- protein] Normal pr. 


1 minute. . + | = E EX UM E, 


2 minutes . SE 2m ++ Sr M: SEL 
1/2 hours . | +++ — m = Ka Za 


1 hour. . . ++4++ — RR E AE d 


— indicates that there is lack of ring, + signs indicate distinct ring 
+++ signs indicate ring at the optimum. 


I have obtained analogous results with potato virus »X« 
antiserum. 

As lipo-protein obtained from leaves and stems of the plants 
watered with molybdate did not give at all the precitipin react- 
ion with antiserum of tobacco mosaic, and only weak reaction 
with potato »X« virus antiserum, I was obliged to examine the 
properties of the lipo-protein from the tubers watered with mo- 
lybdate more exactly. 

It was shown that strong precipitin reaction with antiserum 
tobaeco mosaie appeared only when the protein from the tubers 
was newly prepared. After some days its precipitin properties were 
strongly diminished, then after some time they did not appear at 
all. In this case the complement fixation reaction always appeared. 
'l'his sensitive reaction gave some results even when the precipitin 
reaction did not appear at all. 


TABLE XI 


Precipitation tests of lipo-protein and tobacco mosaic virus with tobacco mosaic virus antiserum. 
Preliminary dilution of antigen 1 pro mille 


Eben 
Antiserum: tobacco mosaic virus constant dilution 1/5 


3 i i Control 

= . Dilution 1/1 |1/2 | 1/4 | 1/8 | 1/16 | 1/32 | 1/64 | 1/256 | 1/512 |1/2048|1/8192| 1/16384 | 1/32768 | anti- 

ES S of antigens serum e 
A = 

Ś Antigens: 

- Tobacco mosaic virus |++++4/++4+| +++ +++ HHE HH HH ++ | + + + + = = 

- + =e SE == 


Lipo-protein . . . . . HH HH 444/444) ++ | + + 
Normal protein ... +" + — -- ae a= de = = = 


— signs indicate that there is no precipitation -- signs indicate the degree of precipitation 


+++ flocculent precipitate at the optimum. 
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The complement fixation was as follows: 


TABLE XI 
Antigen: lipo-protein extracted from potato tubers 

Dilution | | Control 

À 1/5 | 1/10 | 1/20 | 1/40 | 1/80 | 1/160 | 1/320 | 0 — an- 

of antiserum | | tigen 

Antisera: | | 

Tobacco mosaic - +++ LEE, ++ | ++ | + — = — 
Virus Xe .. HHHH ++ | ++) + | + | = | — 
DE Dor dy EM 


Lipo-protein 2444444 ++ | ++ 


Normal antiserum | — 


— tube in which haemolysis was complete 
+++ tube in which there was no haemolysis. 


I must stress that in this reaction, similar to the precipitin 
reaction, the lipo-protein from the tubers was quite purified and 
deprived of amylum. A small admixture of amylum caused a non 
specific stopping of the haemolysis. 

For further examinations of this strange parallelism between lipo- 
protein, formed in tubers by the influence of ammonium molybdate 
and tobacco mosaic and potato virus »X», I separated the lipo- 
protein into two fractions. The first precipitated by one quarter 
saturated ammonium sulphate, contained after entire purification 
0:3°/, of P and showed quite a distinct precipitin reaction with 
tobacco mosaic antiserum. The second fraction, obtained from the 
supernatant fluid with one half saturated ammonium sulphate, 
had a small °/, of P and showed neither precipitin reaction nor 
complement fixation with tobacco mosaic antiserum. It is clear 
that only the first fraction contains lipo-proteins, having antige- 
nic properties, corresponding to antibodies, contained in tobacco 
mosaic antiserum. 


6. Getting of response antiserum for lipo-protein of potato 
tubers watered with ammonium molybdate 


I began this investigation by immunising animals with a pro- 
tein extract, derived from a normal healthy tuber. If the protein used 
for injections was not quite purified and if it contained a consider- 
able admixture of amylum, the response antiserum gave a posit- 
ive complement fixation reaction with the sap of many not related 
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species as Capsicum, cucumber, tomato, phlox ete. Those proper- 
ties of the antiserum appeared even after a few intravenous injections. 
To obtain the specific antiserum for the proteins contained in 
healthy potato tubers, it was necessary to purify it until its 
solution used as antigen did not give the non specific stopping 
of haemolysis by complement fixation reaction. 

The extract of lipo-protein from tubers, derived from plants 
watered with molybdate had strong toxic influence of animal 
organism. If the solution was 0:1%/,, the rabbid died after two 
injections. If the solution was greater I succeeded to give se- 
veral injections after which the rabbit grew thin and often died, 
often before the production of an antibody. With 0-01°/, of solids 
in the solution, I succeeded with many precautions to get the 
specific antiserum. The lipo-proteins used for injections had 
to be in this case as purified as possible, passed through the 
Seitz’s filter. Otherwise the precipitin reaction and the stopping 
of haemolysis would not be specific and this antiserum would 
give the precipitin and complement fixation reaction with normal 
extracts of many kinds of plants. 

The experiments were made in room temperature. To exclude 
the influence of the protein of tobacco, I used always as antigen 
the tobacco mosaic virus, extracted from capsicum. 

The results of the precipitin reactions were as follows: 


TABLE XIII 
Precipitation tests of tobacco mosaic virus as antigen with lipo-protein 
antiserum. 


Potato tubers lipo-protein antiserum 


Preliminary dilution of antigen 1 pro mille FE 
a j ? = © 
Dilution E ie dd ooo CREE © sz RSS 
a =/|S IA ISIS SEE 
Antigens: 
Tobacco mosaic 
virus. GCL +++ at 


Lipo-protein «HR RER) — 


Prot.from normal 


of antigens 
healthy tubers + + — BEI OE SHELL JĄCE) (2 


— indicate that there is no precipitation 
| -+ precipitate formed on the bottom of the test tube 
++--++ flocculent precipitate fills all the test tube. 
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7. Serological changes in the serum caused by the influence 
of molybdenum to the animal organism 


The discovery of the influence of molybdenum producing the 
lipoprotein in the plant with properties of the antibodies ana- 
logous to virus »X« antiserum have induced me to begin an inve- 
stigation on the direct influence of molybdenum upon animal orga- 
nism. The first experiments depended upon the establishing of this 
dose of ammonium molybdate, which making the changes in the 
serum would not be toxic for the animal. As first test I have 
injected ammonium molybdate to a rabbit subcutaneously. Molyb- 
date was injected dissolved in agar and was slowly resorbed by 
the organism. One injection contained 10cm? of 1/2°/, agar with 
1g of ammonium molybdate. I made 3 injections every second day. 
In general one rabbit got 3g of molybdate. In the place of 
the injection there grew a big swelling which changed into an 
abscess with varix. After killing the animal it appeared that the 
intestines were not changed at all, only the peritoneum was a little 
reddish. The serum did not show any specyfic qualities. Then I began 
to introduce the molybdate into the veins. 

I experiment. Ibegan bya dose of 0:06 g ammonium molyb- 
date injected in 2 cm? of water. After 12 injections the rabbit grew 
rather lean. The serum did not show any specyfic qualities. 

II experiment. The dose increased to (le of molybdate 
in 2g of water was injected every second day. This dose is not 
toxic. After the 6th injection it was increased to 0:125 g and 
11 injections were made every second day. The rabbit meagred 
from 2kg to 1700g. Further injections were made subperitoneal 
in big doses 0:24 g in 4cm? of water. In general when the rabbit 
got 46 g of molybdate strong symptoms of disease appeared. The 
animal was bled and serum was taken. The dissection of liver 
showed pathological changes. The liver was less than normal, 
degenerated, light yellow, hard and netted. Its aspect was cha- 
racteristic for poisoning with heavy metals. 

III experiment. If I increased the dose to 0:2 g in 2cm* of 
water, this dose caused death instantly or after second injec- 
tion. In one case of an especially resistant animal I succeeded 
in immunising the rabbit with a dose 02g of molybdate. The 
rabbit got 22 injections which makes a total of 45 g of molyb- 
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date. When it meagred and strong symptoms of the disease ap- 
peared it was bled. The symptoms in the liver were the same as 
in II experiment. 
. I examine the sera of experiments II and III in regard of 
their serological properties. They gave positive complement fixation 
reactions with lipo-protein, obtained in our experiments from plants 
watered with ammonium molybdate. The reaction with virus »X« 
from Capsicum as antigen was not very strong but quite distinct. 
The results of complement fixation reactions were as follows: 


TABLE XIV 
Serum from animal immunised with ammonium molybdate 


Control | 


Dilation | Ve > a =) 2 3 EX Ec |Normal 
of antiserum | 2 = = || = "gen | aerum 
AWügens. D" FIRE ORNE "TEN RES NEAR EN 
Lipo-prot. (Phlox) H+ +++ ++ | +|+|=|-| — | — 
Lipo-protein (po- 
beten ge ++H+++ ++ | + +]-|-| — | - 
Lipo-protein (to- 
miało. H. Ht tite} H + |=|=| — | — 


Virus »X» (Caps) ++ ++ | + PE 


As further investigations were interrupted it is difficult on 
the basis of the few data to ascertain whether the serum of the 
rabbit, which for a long time was subject to the toxic action of 
molybdenum, is specific or not. This problem awaits further 
investigations. 

The next problem is whether the antibodies obtained by intro- 
ducing into the animal organism the lipo-protein of o plant or 
ammonium molybdate are specifie only for plant viruses or for 
animal viruses too. 


8. Summary of ehapter III 


1. Using Bawden and Pirie methods I obtained the crysta- 
lized tobacco mosaic (tobacco mosaic Jonson I) and purified virus 
X inoculated on several plant species in an isolated green-house. 
From these viruses I got specific antisera. 

2. The antiserum virus X gave the precipitin reaction with 
fresh saps either of Phlox infected with virus X or healthy po- 
tato var. President watered with molybdate to 5g for a pot. 


t 
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3. The ability of precipitation of the lipo-protein from plants 
watered with ammonium molybdate with antiserum virus X, grew 
weaker after some days, while the complement fixation reaction 
had a permanent character. The antiserum virus X gave positive 
complement fixation reactions with purified juices (containing lipo- 
protein) of all plants watered from 2 to 5g of ammonium molyb- 
date for a pot. | i 
= 4. The characteristic serological reaction appeared only in the 
case of the saps of these plants which were watered with am- 
monium molybdate. The developed leaves, when the watering was 
ceased, did not break the haemolysis in complement fixation react- 
ion. They are in the same time subject to infection with tobacco 
mosaic and virus X, while the plants containing a considerable 
percent of lipo-proteins were quite immune. 

D. The resistance of the lipo-proteins against the enzymes 
of digestion is confirmed by serological reactions. Trypsin at 
the temperature of 31? did not change its serological characteristics. 

6. The lipo-protein injected to an animal showed strong toxic 
action. With solutions below 0.01%, I have immunised rabbits 
with fresh juice obtained from many species of plants watered with 
ammonium molybdate. This serum showed the specific properties 
effecting the breaking of haemolysis in complement fixation reaction 
either with virus X or all other lipo-proteins obtained from the 
plants watered with ammonium molybdate. 

1. 'The protein, possessing the character of the lipo-protein, ob- 
tained from the tubers of potato watered with ammonium molyb- 
date, showed other serological qualities than the lipo-proteins ob- 
tained from green parts of the plant. It gave a quite distinct 
precipitin reaction not only with antiserum virus X, but also with 
antiserum tobacco mosaic. Rabbits immunized with this lipo- 
protein produced antibodies which gave the serological reaction 
"with tobaeco mosaic and with virus X. 

8. Ammonium molybdate introduced in to the animal, by direct 
intravenous injection, produced specific sera. They gave positive 
complement fixation reactions with lipo-proteins, obtained in our 
experiments from plants watered with ammonium molybdate. 
Their action with virus »X« was weak. These researches were 
interrupted, and they await further investigations. (i 
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This work was carried out in the years 1933—1936 in the 
Eastern Carpathians, in a territory including the Czarnohora, 
Czywezyn, and Ludowe mountains, as well as adjacent ranges. 
The first geobotanical study of this region was made by Zapa- 
łowicz (1889); a modern characterisation of these mountains, 
of their vegetation and its zones, was presented in detail by 
B. Pawlowski and J. Walas (1946). 

The climatic upper forest limit throughout this territory is 
formed by the common spruce (Picea excelsa) with the exception 
of small sections in the Czarnohora Mountains, where the Swiss 
stone-pine (Pinus cembra) also takes part in forming it. The con- 
ception and definition of the upper forest limit is accepted by 
the author after Fekete and Blattny (1914); they formulated 
it as follows: the upper limit of spruce-forest is formed by the 
limit of loose stand of eight-metre spruces. 

A detailed and extensive description of the course of the 
upper forest limit, with a singling out and discussion of those 
sections where the forest limit has a climatic, orographic, biologic, 
or economic character, is given by the author in the Poljsh text. 
The description is based on 703 aneroid measurements of the 
elevation of the upper forest limit. In the body of the work 
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only 232 measurements are quoted, the remaining measurements 
being auxiliary ones. This material also served to execute the 
herein appended map depicting a reconstructed climatic upper 
forest limit on a background of its present course. 


Influence of Various Factors upon the Course of the Upper 
Forest Limit 


Influence of exposure. The region investigated is charac- 
terised by long parallel mountain-ranges, running in general from- 
the northwest to the southeast. For this reason only two exposures, 
the northeastern and the southwestern one, are fully comparable 
with each other. Nevertheless, the influence of the exposure of 
the slopes turned out to be essentially similar to results obtained 
in the Tatra Mountains and the Alps (Table I). 


TABLE I 


List of exposure series for spruce, beginning with the most favourable ones 
and ending with the least favourable in different mountain regions. 


Alps (Kerner, 1904) ...... SW| S|SE| W | E |NW| N | NE 
Alps (Imhof, 1910)...... SW|W | S |NW| N | E | NE| SE 
Tatra-(Kotula, 1890)..... SW|W | S | E|NW| N | SE| NE 
Tatra (Fekete ahd Blattny, 


EK, Ll VIUA OM ET EE SWI S | W| E | SE|NE|.N |NW 
Tatra (Sokołowski, 1928)..|SW| S N-| W INW|NE|SE| E 
Gzarnohora Alk JU BIO | SW | S | SE | NW | E | WINE| N 


It follows from the adjoined lists of exposures, arranged 
successively from the most favourable ones to the ones which 
are the least so, that southern and western exposures are more 
favourable for forest at its upper limit than northern and eastern 
ones. Discrepancies in the views of different authors upon the 
role played by northern exposure in the elevation of the upper 
limit of spruce-forest arise probably from the fact that the results 
of different investigations are not fully comparable, having been 
carried out by various methods and at different altitudes of the 
vertical ‘range of spruce-forests. In lower situations the spruce 
undoubtedly finds better conditions on the cool and humid northern 
slopes, but with increasing altitude the temperature plays a bigger 
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part in the life-story of the spruce, and consequently this tree 
is more willing to occupy southern and western exposures than 
northern ones. 

Climatic and orographic conditions are different on the two 
sides of the Czarnohora and Czywezyn ranges: for forest they 
are more favourable on the southwestern side, as manifested here 
by its higher-lying climatic upper limit. In the high Czarnohora 
Mountains the mean difference amounts to 60 metres, while in 
the considerably lower Czywczyn Mountains the mean difference 
does not exceed 25 m. 1 

Role of mountain mass. It is universally known that 
the upper forest limit rises with the increase of mountain mass; 
this phenomenon is also evident in our terrain, although not on 
a large scale. In the appended map of forest isohyps, executed 
according to well-known Swiss standards, it is easy to notice 
such a rising of the climatic upper forest limit as we proceed 
from the low ranges of the foreland (Kukul—Skupowa— Ludowe 
Mountains) towards the more massive and higher Czarnohora 
Mountains and the high-lying Palenica and Kreczela in the Czyw- 
ezyn Mountains. 

Influence of valleys and glacial cirques. The 
phenomenon constantly observable in high mountains of a lowering 
of the upper forest limit under the influence of valleys can be 
detected in our region only in the Czarnohora Mountains. Their 
glacial cirques and valleys arise high up in the massif, and at 
the level of the upper forest limit they are already well developed. 
In the Czywezyn and Ludowe Mountains, which are considerably 
lower and less sculptured than the Czarnohora Mountains, the 
climatic upper forest limit generally runs above the heads of 
the valleys or at their level. 

In the Czarnohora Mountains the upper forest limit drops 
abruptly to the bottom of the short and deep glacial cirques, 
the climatie conditions prevailing therein differing considerably 
from those which we encounter on the neighbouring slopes. The 
differences are listed in Table II. 

Influence of mountain-pine (Pinus montana ssp. 
mughus). Within the region in question this shrub is met with 
in large masses in the Czarnohora Mountains and in the south- 
eastern part of the Czywezyn Mountains, and there it is the most 
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TABLE II 


Czarnohora. Comparison of the range of the upper forest limit on valley 
floor and on adjacent slope. 


Altitude of the Altitude of the 


Glacial cirques and ar i . | Differences 
valleys upper forest limit | upper forest limit bé ro: 
on valley floor |on adjacent slope 
Gropa, (cirques) .. 1440 1490 50 
Howerla gett che 1430 ' 1490 60 
Breckuf 5 45007 1455 1485 30 
Gadżyna::! yu 1470 1560 90 
Kizie Ulohy „ .. 1430 1560 130 
Pohorylec (valley) . 1565 1680 115 
Brebenieskul ,, .. 1485 1580 95 
Ozirny SER 1505 1555 50 


certain criterion for fixing the natural course of the climatic 
upper forest limit. On the whole the boundary between forest 
and mountain-pine is sharply defined. On gentle slopes the wall 
of a high-stemmed forest frequently borders upon a dense field 
of mountain-pine, while higher up there are small groups of spruce 
or single trees, 12—15.m high, pointing to a natural lowering 
of the upper forest limit. This type of upper forest limit, bio- 
logically pushed down by the mountain-pine association, occurs 
frequently in the region in question, especially on the northern 
slopes which are inclined gently or peat-covered. The peak 
Homuł (1786 m) has on its eastern slopes an upper forest limit 
which is thus pushed down 150 m in comparison with the 
steep and rocky southern slopes on which this shrub en- 
croaches with difficulty. In the cirque of Dancerz such a lowering 
of the forest limit amounts to 90 m. If it were not for such 
an influence of mountain-pine, depressing the upper forest limit, 
the latter would in many places undoubtedly reach higher; this 
wil be discussed more fully when analysing the history of 
oscillations of the climatic upper forest limit in this region. 
Influence of human economy. Human economy has 
exerted a predominant influence upon the present-day course of 
the upper forest limit; for ages man has made use of the alps 
and exploited the forest for timber and fuel. The extent of these 
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TABLE III 


Ratio of length of the climatic and economic upper forest limits in the 
Czywczyn Mts, Ludowa Mts. and Kukul—Kostryez—Skupowa Range. 


Complete iem of Se of 3 | 
Name of length of KS T Jo Percen- the pay ran el | 
mountain-range | the upper EE, orent tage Dp PA Et gana 
d 25, limit in limit in tage | 
forest limit 
km km 
Czywezyn Mts, . 285,2 24,7 8,66 260,5 91,34 | 
Ludowe Mts, ... 142,7 2,5 1545 140,2 98,25 
Kukul-Kostryez— V E. 
Skupowa Range . 31,8 0.9 0.53 31,6 99,47 | 
Total ..| 4654 | 274 | 589 | 43800 | 94,11 


changes can be easily appreciated with the assistance of the 
appended map showing the course of the climatic and economic 
upper forest limits. Table III determine numerically the ratio 
of the length of the preserved climatic upper forest limit to that 
of the economic one in the separate mountain-ranges. The influence 
of grazing upon the lowering of the upper forest limit is not so 
conspicuous m the Czarnohora Mountains as it is in the Czywezyn 
or Ludowe Mountains. The extensive natural alps in the Czarnohora 
Mountains were enlarged first of all at the expense of the 
mountain-pine zone, up to 300 m wide, and not at the expense 
of the forest. On the northeastern side of the Czarnohora Moun- 
tains approximately 25°, of the total length of the upper forest 
limit has a natural character, while on the southwestern side 
the figure is even higher, amounting to about 3504. 

In the low Czywezyn Mountains, devoid of mountain-pine 
in a large section of their northwestern part, the small mountain- 
top patches of natural vegetation have been extended chiefly 
at the expense of the forest. In the southwestern part of this 
mountain-range, covered on the peaty ridges with a dense mantle 
of mountain-pine, alps have been mainly formed on the borderland 
of mountain-pine and forest, primarily in places where the peat 
cover disappears. In those parts of the Czywczyn and Ludowe 
Mountains which by nature lack mountain-pine, its role was 
originally played by scarce coppices of dwarfed spruce, which 


172 A. Srodon: 


covered the ridges above the climatic upper forest limit Such 
dwarfed forests were the incipient centres for the establishment 
of artificial alps. 

The artificial origin of the ‘extensive alps in the Czywezyn 
and Ludowe Mountains is also suggested by the great paucity 
of the associations which enter into their composition. It is 
sufficient to mention that six plant associations distributed widely 
in the Czywczyn Mountains owe their existence exclusively to 
human economy. These associations are the following: Vaccinietum 
pocuticum, Deschampsietum pocuticum, Rumicetum alpini, Nardetum, 
Agrostidetum, and Aichemilletum. Two other associations, namely 
Festucetum saxatilis and Calamagrostidetum, originally occupying 
small areas, have spread out considerably in consequence of forest 
devastation (Pawlowski and Walas, 1946). In these mountains 
the only terrains which were originally unwooded, are scattered 
rocky outcrops, peat-bogs, marshes, water-saturated surroundings 
of springs, small areas of high perennials growing along streams, 
little grassy patches in the zone of dwarfed forest, and natural 
gaps in the mountain-pine mantle. 

Forest utilisation for timber and fire-wood, in 
comparison with grazing, has exerted an insignificant influence 
upon the present-day aspect of the upper forest limit. Forest 
devastation for such purposes took place primarily in the lower 
montane zone. Matters however took a.different turn in places 
where the lower montane zone is composed of great tracts of 
beechwood extending high up, even as far as the isohyp 
1500 m, as we can see for instance on the slopes of Pietros 
Czarnohorski (2020 m). When the spruce enclaves existing 
in the beechwoods were felled, exploitation was begun of the 
superjacent spruce belts which formed here the climatic upper 
forest limit. In consequence of this activity and of grazing, the 
spruce belts on Pietros vanished almost without a trace, leaving 
an illusion of a natural upper forest limit formed by beech. 

Remarks on the upper limit of fruit-producing 
spruce. The elevation of trees still producing seed with 
a capacity for germination is recognised by some authors as the 
criterion for determining the course of the climatic upper forest 
limit. Such a definition of the upper forest limit is of interest, 
especially from a silvicultural point of view, but in practice it 
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is of little value because it is not an easy matter to trace the 
course of a so-conceived forest limit. The principal difficulty of 
such investigations lies in the fact that at the altitude of the 
climatie upper forest limit the spruce comes to fruit but rarely 
(Zdarek, 1892) and possesses a considerably diminished capacity 
for germination (Engler, 1905). Twenty two stands of fruit-pro- 
ducing spruce-trees were observed at the altitude of the upper 
forest limit. Even on the basis of such scanty data it is possible 
to observe that the upper limit of fruit-producing spruce rises as 
the upper forest limit goes up. Furthermore, the accumulated 
data suggest the statement that in the region investigated the 
climatic upper limit of spruce-forest runs higher, although not 
much, than the upper limit of fruit-producing spruce. 


History of oscillations of the climatic upper forest limit in 
the Czarnohora Mountains 


Three distinct locations of the climatic upper forest limit 
can be traced out during the postglacial shiftings of the forest- 
cover in the Czarnohora Mountains. The first one, the lowest, 
coincides with the last part of the last glaciation (Varsovien 11), 
when the pine-larch forest with Swiss stone-pine, occupying the 
space between the ice-sheet and the Carpathians, reached barely 
to the foot of the Eastern Carpathians (Szafer, 1939). As the 
ice-sheet receded towards the north, and as the local mountain 
glaciers. dwindled away, there followed an improvement of the 
climate and, in connection therewith, an uphill migration of the 
forest, together with a translocation of forest-tree species. In the 
final stage of this uphill migration, coinciding with the postglacial 
climatic optimum, the forest climbed high up, almost reaching . 
the very crest of the Czarnohora Mountains. The third distinct 
location of the climatic upper forest limit is the present one. 

Grounding one’s opinion upon a certain number of studies 
of Czarnohora peat-bogs by the pollen-analysis method carried 
through by various authors, as well as upon the recomputations 
of B. Pawlowski (1946), it can be taken for granted that 
towards the end of the last glaciation the climatic upper forest 
limit was formed by pinewood with Swiss stone-pine and larch, 
at an altitude of 500—600 m. Relict stands of these trees 
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occur up to the present day in the region discussed. In the 
above-mentioned period mountain-pine did not form a separate 
zone, growing probably in the undergrowth of a spare and 
well-lighted forest (Szafer, 1939). 

As the climate improved, the forest pushed on higher and 
higher, and the species forming its upper limit were joined by 
spruce, which in the period of the postglacial climatic optimum 
takes exclusive possession of the upper montane zone and forms 
all alone the upper forest limit, the highest in the postglacial period. 

To the question of how high the upper forest limit then 
mounted an answer is supplied by a small peat-bog situated at 
an altitude of 1750m on the pass between the peaks Breskul 
and Pozyzewska in the Czarnohora Mountains. An analysis of 
the abundant macroscopic remains from this peat-bog suggests 
that what we have here are the fossil elements which formed 
the upper forest limit at the time of its highest elevation in the 
postglacial period. Asides from fruit-producing spruce (Picea 
excelsa) (three spruce-cones were found at the bottom of the peat- 
bog), there is among the remains a mass occurrence of mountain- 
pine (Pinus montana ssp. mughus) and alder (Alnus viridis), with 
an admixture of rhododendron (Rhododendron Kotschyi), Juniper 
(Juniperus nana), cowberry ( Vaccinium vitis idaea), and whortleberry 
(Vaccinium myrtillus), i. e. shrubs which nowadays grow at the 
upper limit of spruce-forest in the Czarnohora Mountains. A pollen 
profile of this peat-bog (Kozij, 1934) demonstrates at a depth 
of 2.50 m a maximum of spruce and alder with a high percentage 
of Pinus pollen, therefore in accordance with the results of 
the macroscopic analysis. | 

The highest present-day elevation of the climatic upper forest 
limit in the neighbourhgod of the above-mentioned peat-bog is 
to be found at an altitude of 1590 m; farther away, towards 
Pietros Czarnohorski, the forest attains 1610 m. Therefore, 
estimating circumspectly, it may be accepted that during the 
climatic optimum the upper forest limit rose some 150m in 
the Czarnohora Mountains. Accepting the so-estimated figure 
also for the Czywczyn Mountains, we arrive at the conclusion 
that in those days this mountain-range was completely forest-clad, 
with the exception perhaps of the very tops of Czywezyn (1769 m) 
and Hnitesa (1769 m), on which small natural patches of herbaceous 
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vegetation may have occurred among the thinned spruce-forest. 
At this time the Ludowe Mountains had no climatic upper forest 
limit at all. 

After the climatic optimum had come to an end, the upper 
‚forest limit was lowered, while from the valleys the beech advanced 
higher and higher in a compact mass, gradually narrowing the 
montane spruce zone to its present-day state. 

Small segments of the climatic upper forest limit, raised to 
an exceptionally great elevation on the southern and southwestern 
wind-sheltered slopes of Homul and Stajki, as well as on Szuryn, 
suggest that we have here an upper forest limit running at an 
altitude only somewhat lower that reached by the forest during 
the postglacial optimum. For this reason the necessity arises of 
analysing once more the relationship of mountain-pine to the 
upper forest limit. 

Following the course of the upper forest limit, it is easy to 
notice that almost everywhere where it comes into contact with 
mountain-pine, it has the character of a biologically depressed 
limit. During the postglacial climatic optimum mountain-pine grew 
undoubtedly above the upper forest limit, but it is very probable 
that it did not form there a dense zone which in the Czarnohora 
Mountains is one of the latest ones, having come into existence 
almost simultaneously with the beech zone on ground taken away 
from the spruce. The expansion of mountain-pine into the domain 
of the spruce is a process which on suitable slopes in the Czarnohora 
Mountains is still going on, proof of which is the above-mentioned 
biologically depressed character of the upper forest limit in places 
where it comes into contact with mountain-pine. On steep rocky 
slopes with a southern and southwestern exposure, i. e. in places 
unfavourable for the expansion of this shrub, the upper forest 
limit had a chance of retaining its high position, dating from 
the period of the postglacial climatic optimum. 

The postglacial oscillations of the upper forest limit briefly 
presented above, demonstrate clearly how sensitive this limit is 
to climatic changes. Even today, undoubtedly, the forest limit 
has a general tendency of either rising or falling. The slowness, 
in comparison to the brevity of human life, of the changes which 
are taking place, as well as the lack of observations adjusted 
‘to a long period of time, are the chief reasons why this phenomenon 
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cannot be grasped in an adequately precise manner. There also 
exist different views as to this problem, frequently diametrically 
opposed to one another. Without entering into a deeper analysis 
of this problem, I wish to mention only the striking results of 
Hesselberg’s (1940) observations, carried out in northern Norway 
He established the fact that within the last few score years 
there has been a distinct rise in the mean temperatures of autumn, 
winter, and summer. These changes have brought about in their 
wake an upward advance of the upper forest limit of about 90 m, 
as well as a shifting towards the north of some plant ranges, 
amounting to about 320 km. Furthermore, he states that in 
Norwegian mountains the conditions for agriculture have improved 
considerably during the last 50 years. 

The extent of these changes and translocations in such 
a relatively short space of time arouses certain doubts, none the less 
the results of the above-mentioned studies arrest one’s attention, 
the more so as in Alaska Griggs (1934) also notes a northward 
translocation of the polar limit of forest, 

And how does this matter stand in mountain regions? 

In the Eastern Carpathians there are so far no grounds for 
supposing that the upper forest limit is advancing upwards; to 
the contrary, there are data, mentioned above, which allow us 
to suppose that the upper.forest limit in these mountains continues 
to have a general tendency of lowering its position. In the Tatra 
Mountains Sokolowski (1928) accepts quite opposite opinion 
but for the whole Western Carpathians Szafer (1939) accepts 
a downward shifting of the upper forest limit, subsequent to the 
postglacial optimum, amounting to about 250 m; and there are 
no grounds for supposing that nowadays this movement has been 
checked or that it has changed its direction. For Alpine territory 
many authors (Schröter 1926, Klebelsberg 1930, and others) 
express similar views, although contrary opinions are also not lack- 
ing (Scharfetter 1938). As regards the northeastern regions of 
North America, Cain (1944) quotes several authors who are of 
one accord that the alpine and continental forest limits are retreating. 

On the background of these rather loosely related observations 
from Europe and North America, there emerges an extensive 
problem of explaining the causes of such a different behaviour 
of the polar limit of forest in opposition to that of the alpine one, 


rcin.org.pl 


oka. 


+ 
Pó 
^ 

= e 

P d go res 
SE kužmieska ys 
Jatt aa 

USO 1572 


satin 


„Fo pamela KE 


Map of the Climatic and Economie Upper Forest Limit in the Czarnohora 
* Mountains and Czywezyn Mountains. 


Explanation: The isohyps are traced in the map at the altitudes. of 


1400, 1500 and 1600 m. The unbroken red line denotes the : ko 
climatic upper forest limit. The dotted red line denotes the economic Q3 ruta ot ( 
upper forest limit. The green lines denote the forest isohypses. PEC: | 


Bull. III. BI. A, Środoń 


rcin.org.pl 


ES 
à XL 
SN 


Be 


\ 
\ 


/ 
/ ta € 


CHA 
n 

/ N | 
/ 


D , o jJ 

AO ig | 
N 

N b 


LS 


Te 
\ 


\ 
1 \ 1 
\ d 
lo 4 Mte \ d 

à 7 | l y 
/ v | 
/ 
/ 
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Mountains. Thick broken lines indicate directions of prevailing winds. 
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Prevailing winds in the Czarnohora Mountains and the Czywezyn 
Mountains 


In the complex of climatie factors determining the natural 
boundaries of arboreous vegetation, one of the most important 
factors, or even the decisive one according to some authors, are 
the constantly blowing winds. The anemometric conditions in 
this part of the Eastern Carpathians have not yet been properly 
studied, and all that can be found in literature are some general, 
but none the less correct, statements: on the prevalent.west winds. 

Taking into account the important influence exerted by cons- 
tantly blowing winds upon the course of the upper forest limit, 
the author carried out observations on flag forms of spruce-trees; 
they are common at this altitude and they arise as a consequence 
of the trees being deprived of branches from the side of the 
constantly blowing winds. These observations, plotted on the 
appended map, made possible a more accurate insight into the 
anemometric conditions of the region studied. The appended map 
demonstrates what is important for the problem concerned with 
the course of the upper forest limit, namely: l 


1. On the ridge Howerla-Hnitesa the prevailing winds blow 
from the west, as indicated above all by observations made 
at culminal points of the mountain-range. 

2. On the main ridge the prevailing west winds are partly 
deflected and on the northeastern side they adopt the 
directions of the valleys which they encounter there. 

3. On the southwestern side of the Czarnohora Mountains many 
wind indicators point in a direction opposite to the prevalent 
one, which proves that part of the main air-wave is deflected 
from the ridge and flows downward in the direction- of 
the valleys descending towards the southwest. This conception 
is supported by the rare occurrence of typical flag forms 
of spruce-trees at the upper forest limit on this side of the 
Czarnohora Mountains, this being the result of the two-way 
action of the wind, blowing from two opposite quarters. 


From the Botanical Institute of the Jagellonian University in Cracow. 
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Explanation of figures on the Plates 6—15 


Plate 6. 
Fig. 1. Czarnohora Mountains. View of Howerla and part of Breskuł. 
Phot. by Dr. T. Wiśniewski. 
Fig. 2. Czarnohora Mountains. Upper forest limit on Howerla from 
the northwestern side. Phot by Dr. J. Walas. 


Plate 7. 


Czarnohora Mountains. Northeastern slopes of Dancerz. The forest 
persists high up on a steep and rocky slope, surrounded by clumps of alder 
(Alnus viridis) (left-hand side). Mountain-pine occupies places which are not 
steep, pushing down biologically the upper forest limit (right-hand side). 
Phot. by Dr. J. Walas, 
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Plate 8. 


Fig. 1. Czarnohora Mountains. At the foot Kozly. Tall spruce (Picea 
excelsa) in an extensive patch of mountain-pine indicates the role of the 
latter shrub in pushing down the upper forest limit. Phot. by Dr. J. Walas. 

Fig. 2. Czarnohora Mountains. Swiss stone-pine (Pinus cembra) in 
the cirque of Gadzyna at the upper limit of a spruce and stone-pine forest. 
Phot. by Dr. J. Walas. 


Plate 9. 


Fig. 1. Czarnohora Mountains. Section of the climatic upper forest 
limit on the slope of Pożyżewska. Phot. by Dr J. Walas. 

Fig. 2. Crarnohora Mountains. Pietrosul. Extensive mantle of alder 
(Alnus viridis), hindering the forest from attaining its climatic upper limit. 
Phot. by Dr. J. Walas, 


Plate 10. 

Fig. 1. Czywezyn Mountains. Economie upper forest limit on Czyw- 
czyn, seen from the direction of Budyjowska Wielka. In the upper right- 
hand part the only fragment of the climatic upper forest limit preserved 
on Czywczyn. Phot. by Dr. J. Walas. 

Fig. 2. Czywezyn Mountains. Summit of Palenica sareren with a dense 
mantle of mountain-pine. Phot. by J. Treszka. 


Plate 11. 
Fig. 1. Czywezyn Mountains. Extensive alps occupying the site of 
a destroyed forest in the vicinity of Podadia. Phot. by Dr. J. Walas. 
Fig. 2. Czywezyn Mountains. Fragment of the climatic upper forest 
limit on Lozdun from the southwestern side. Phot. by Dr. J. Walas. 


Plate 12. 
Fig. 1. Czywezyn Mountains. Upper forest limit rs to the 
stream bed at the foot of Hnitesa. Phot. by Dr. J. Walas. 
Fig. 2. Czywezyn Mountains. Spruce belts cn Palenica, in dense 
mantles of mountain-pine. In the foreground traces of alp enlargement at 
the expense of mountain-pine. Phot. by Dr. J. Walas. 


Plate 13. 


Fig. 1. Czywezyn Mountains. Upper forest limit on Bardo from the 
northeastern side. Phot. by Dr. J. Walas. 

Fig. 2. Kreczela covered with mountain-pine from the northwestern 
side, with an excellently preserved climatic upper forest limit. Phot. by 
Dr. J. Walas. 


Plate 14. 


Fig. 1. Ludowe Mountains, Economic upper forest limit on Hlysto- 
waty and Hostin from the direction of Preluki. Phot. by Dr. J. Walas. 
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Fig. 2. Ludowe Mountains. Alp Kopilas. Climatic upper forest limit 
formed by gnarled spruce. Phot. by Dr, J. Walas. 


Plate 19: 


Fig. 1. Czywezyn Mountains. Mountain-pine on Koman cleared in 
order to enlarge the alp. Phot. by Dr. J. Walas. 


Fig. 2. Czywezyn Mountains. Expansion of alp at the expense of forest 
on Preluki. Phot. by Dr. J. Walas. 
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